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XXXIII. An Account of the Calculations made from the 
Survey and Meafures taken at Schehallien, in order to 
af certain the mean Denjity of the Earth. By Charles 
Hutton, Efq. F. R. S. 



Read May 21, ^TpHE furvey from which thefe calcula- 
-** tions have been made was taken at and 
about the hill Schehallien in Perthfhire, in the years 
1774, 1775, and 1776, by the dire&ion^ and partly uiir 
der the infpe&ion, of the Rev. -neyix* maskelyne, d. d. 
f. r« s. and Aftronomer Royal, by whom the manner of 
making the furvey has already been fully explained in 
the Philofophical Tranfa&ions for 1 7 7 5 • 

I have therefore only to give an account of the mea- 
fures of the lines and angles, and of the calculations 
which I have raifed from them with all poffible care and 
faithf ulnefs, for the purpofe of determining the meafure 
of the ratio of the mean denfity of the earth to that of 
water or any other known matter. 

Thefe calculations were naturally and unavoidably 
long and tedious ; and the more fo as the buiinefs was in 
a manner quite new, which laid me under the neceflity 
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690 Mr. huttonIs Calculations to a/certain 
of inventing and defcribing fuch modes of computa- 
tion as fhould be proper to be applied in fo important 
and delicate a bufinefs. Having, at length* with clofe 
and unwearied application for a confiderable time com- 
pleated all the calculations; I have, in the following 
Iheets, drawn up an account of thofe opjerationsy with 
the refults arifing from them; and have accompa- 
nied them with fuch drawings as are neceffary to il- 
luftrate the deferiptions. I have alfo inferted a fynopfis 
of the meafures which %ere taken of the lines and an- 
gles, from which any perfon may at any time fatisfy 
Mmfelf of the truth of the computations that have been 
made and are herein deieribed. Th6fe meafures I have 
here immediately fubjoined, before I proceed to defcribe 
the computations made from them.. 



Afyhopjis 



the mean Dsnftfy of the Earth* 691 



Afympfis of the horizontal and vertical angles that wem 
obferved at the principal points in making tkefurvey 
about Schehallieru 

In the firft column are contained the names of the 
horizontal angles, the meafure of which, irx degrees and 
minutes, are in the feeond column, und the vertical 
angles are in the third column, in which it is to be ob* 
feryed, that the letter denoting the obje<jt is placed before 
the degrees and minutes, and e or d after theip, to fhew 
that they are in elevation or depreffion refpe&ively* 
The mark :* placed to the meafure of ^ny angle denotes 
that it is the mean of the two obfervations made with 
the inftrument turned different ways; namely, after the 
firft obferv£tion, reverfing it to make the feeond. Alfo 
the mean height of the theodolite is put dpwn to each 
ftation* In the vertical aggies, the bottom of the objedb 
is underftood, unlefs where the top is mentioned below, 
and fometimes the height of the pole is added in* feet 
^adiaches, 



4Q a M 
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At A 


Theodolite 


j = 4 ft. 10 in. 


At F 


Theodolite =: 4 ft. 8| in. 


BAB 


/ 
3* *5 


/ 


GFW 


1 
17 27 


* 
w s8 n 


BAN 


77 3° 


N 12 22E 


GFK 


76 7} 


k 9' 59 E 


DAO 


102 36I 


O O 58E 


GFN 


i°3 57i 


K 17 42|E 


BAR 


i34 3 1 ! 




GFD 


172 S4 


& 3 37 e 


NAC 


83 i3i 


N X2 20E 


HFG 


10 9 


G I 36 B 


NAO 


25 4 


■ 


HFP 


60 41 


p s 9 E 


OAS 


27 24 


.« 5 2 5*> 


HFK 


65 58 


K 9 41 £ 


OAR 


31 55 


r 6 310 


HFJC 


93 49 


n 17 3Sift 


At B 
DBN 




• 


81 8 




At G 


Theodolite 


z: 4 ft, $| ku 


DBO 


101 41 




DGF 


6 8 




DBA 


139 59 




NGB 

NGF 


59 4i 
65 49 


■ 


Ate 


Theodolite 


= 4 ft. 7| in. 


ACD 


126 6 




NGrt 


101 9 




ACF 


93 34 




HGF 


*66 s7 




ACG 


92 15 




HGB 


160 49 


; 


ACH 


8S.3ii 




HQX 


7.1 "1 


: 


ACNf 


49 IO 


N IO 4E 


HGW 


4 3* 




ACB 


8 n 




PGF 
PGN 

PGK 
PGJL 
PGW 
PGH 


95 5& 

30 6| 

9$ 

62 S7 

63 20 
71 2 


r r is « 

N id 54 £ 

top of Cairn. 

K IO IS E 

L O 32 B 

w S4 '» 

H 3 O B 
P S 46 B 

top of ball. I 


At B 

ADC I 

ABB 
ABJST 
ABW 
ABH 
ABO 


Theodolite 

48 7 [ 
8 45 

49 14 
8356! 
88 S 6 
95 5 

9° 3 1 


= 4 ft. 8| in. 

N IO 4OB 1 
N IO 39E 
A I ISE 
G 3 I7B 


ABP ( 


f 3 34D 






1 



At 



the mean Denjlty of the Earth. 



693 



At H 


Theodolite 


= 4 ft. 


Si »n. 




t 


/ 




i 





/ 


WLN 


38 58 


n io#56Je 


GHF 


2 54 


G 2 


59 E 




38 58§* 




GHD 


13 2 






WLK 


60 33 


K IO # 24|E 


NHG 


49 44 


N 14 


42 E 




60 34 # 




NHK 


29 17 






WLT 


115 38 # 


T 0^30 D 


NHW 


107 43 


N 14 


39 Et0 P 


WLV 


126 58! # 


V 0#35fD 


NHW 


107 41 






WEY 


140 50* # 


Y 2#35 D 


KHD 


65 59 


K 12 


6 Etop 


WLF 


3 58f# 


F * 38|E 


KHG 


79 * 






WLE 


62 12 #■ 


E 10*#l6|E 


KHW 


78 25 


w 3 


2 E 


WL/ 


38 4i# 


* 4*34i E 


WHP 
WHp 


96 14 
149 2 


p 7 
£ 


39 E t0 P 

22 E 














WHG 


HI 2 5i 


G 2 


SS « 


At Y 
TYK 


Theodolite 
69 23J# 


= 4 ft. 8 in. 
K 10 #29 E 


At W 


Theodolite 


= 4 ft 


5i in - 


LWK 


107 27f 


L O 


25fE 


TYN 


76 56|# 


n 9#37i E 


LWP 


130 40 


* 5 


43 Et0 P 


TYL 


124 47 # 


L 2#35 E 


LWF 


130 4 1 






TYG 


103 24|# 


G i#3 6 I E 


LWN 


133 4H 


N 12 


36|e 


TYZ 
TYV 


19 2I|# 
13 *9i* 


z 3* 3i E 

V 3#26|E 


LWE 


*75 * 


K II 


30 E 














V YT 


13 28 # 


T 2# 4jE 


LWO^ 


4 4* 










- 


LWG 


178 21 






VYZ 

VYE 


32 5* * 
81 49f* 


s 3* 3i E 
e 10*33 E 


LWH 


i93 x 3 


H 3 


14 


VYIC 


82 S3 * 
90 24 # 


K IO#29 E 

n 9#36|e 


At L 


Theodolite 


= 4 ft. 


9 in. 


VYN 


GLP 


37 * 


R 4 


24l* 


VYG 


116 52 # 


g i#35i E 


GLY 


139 3*i* 


Y 2 


35|d 


VYH 


126 57 # 


H I* O E 


WLG 


1 18 


w o#4o|d 


VYW 


130 33 * 


W 2# 2 E~ 




1 17I* 


G 0* 


31 E 


VYL 


138 14 # 


£ 2#33£e 


WLP 


38 12 

38 I2§# 


p 4* 


-22jE 









At 
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Atv 


1 iicbdolite = 4 ft. 11 in. 




/ 


/ 




/ 


O r 


UZY 


117 21 if 


V 3* «}D 


TVZ 


17 25I* 


Z 2#20§E 


OZV 


134 4i* 


V 2#3ljD 




17 25 * 


2 #26 


uzf 


144 2 7l* 


T S*^ ? 


TVU 


34 2 4i* 


u 2#47i E 






U 2#45}E 


TVF 
TVK 


70 43 * 

71 23f# 


E 9#I0 E 

k 9* 5i E 








Atu 


Theodolite 


z= 4 ft. *o in. 




71 24 # 


9* 51 


ZUT 


18 20|* 


T 3if32jD 


TVW 


112 32 j# 


W O *££$£' 


ZUV 


28 54|# 


V 2#5I D 


TVL 


1.19 57 * 


L ©#34 E 


zuo 


124 42 # 


4* I|B 


T.VY 


147 5 if* 


Y 3#3i|© 


ZUN 


125 9i* 


N IO^I3|E 




147 5o * 


3#28£d 


zux 


128 2|* 


x 10*55*0 






TO 6 E 


ZUA 
ZUR 


l Sl 55 * 
160 37** 


a i#36|e 
R 3*38 x> 


At T 


Theodolite 


= 4 ft. 10 in. 


YTV 


18 41$* 
30 1 * 


v o# 8|d 
h o^27Je 






z 2*51 D 


YTL 








YTU 


116 18J* 


U 3^31 E 


Atx 


Theodolite = 4 ft* 7 in. 


YTZ 


*33Ji§* 


z 3*r49i E 


OXA 


40 59i* 


a 4# IS K 






Y 2 IO D 


oxs 


53 2 ° * 


s o^44|e 


VTY 


18 41 % 


Y 2#, 6 D 


oxz 


139 22 j* 


u iq#49ifi 


VTL 


48 43 * 


L 0^30 E 


oxu 


174 59 * 


z i#48je 


VTE 


94 2 # 
135 *§*■ 


E 9^,42 E 
U 3#3lfE 






O Xl : #Ig$* 


VTU 








VTZ 


152 'Mi* 


Z 3^50 E 


Ats 


Theodolite =: 4 ft. 9 in.. 






v 7 D 


R5A 
RSA, 


18 2,7 
18 28 


A 5 24J& 
A 5 20|E 


\fL 


Theodolite 


= 4 ft, 6§ in. 


UZR 


10 53i* 


R O#50 D 


RSN 


7* £i 


N 18 40 E 


UZA 


16 5 * 


A I ^^Je 


RSO 


90 58 


13 I9JE 


uzx 


16 18 * 


X I #,52 D 


RSX 


174 J 


x ssfn 


uzo 


33 *8|*. 


0. 3*58 E 


I 


■- 


R O 24|E 



At 
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AtR 


Theodolite 


= 4 ft. 6 in. 




/ 


i 


the E. end 
of the v S. 
bafc. 


< / 


/ 


xoz 


23 38f^f 


Z 4% D 
X II*l8 D 


KRN 


41 6f 




MOR 


16 3 6| * 


R 12* $§D 


b"ra 


20 36I* 


A 6#27|E 


mob" 


47 2 3 * 


b" 7*39§ D 


b"rn 


84 3 2|# 


N I9^fl7|E 


MOA 


73 3 2 §* 


A I * Of D 


b"ro 


mi 46J# 


ii#57Je 


MOB 


81 22 * 


B I* ifDtOp 


B^Ra' 


100 14!* 


of 20* 2 E 


MON 


x 34 39 


M 13 l6 


b"r£' 


121 27-}* 


I5^II|E 


NOK 


95 i 




B''RS 


177 39 




MOa' 


156 34 * 


*' 33*47lEtop 


b'rz 


186 5 3 f * 


Z 0*46 E 


MO/3' 


125 45 * 


#' 21 *29|-E 


its fup. 


173 6§# 


O 12 29 E 


MOZ 
MOU 
MOX 
MOS 


65 5*1* 

43 5 1 ** 

42 i3§* 

6 34i* 


z 4* D 
u 4* 3i D 

X II * 19 D 
S I3#22|D 


AtB" 

theW.end 
of the S. 
bafe. 


Theodolite 


= 4 ft. 10 in. 


rb"s 
rb"/3' 

RB"o 
RB'V 


551 

36 8J* 

37 27 * 
5° 49s* 


R O 37 D 
ff 10*24 E 

7*35l E 

»' 15*48 E 


m is in the meridian paffing through 0, and is a 
little South of the interfe&ion of that meridian 
and the line as. 


At p 

the N. ob- 
fervatory. 


Theodolite 


= 4 ft, 10 in. 


rb"n 


65 46I* 


N 17*33 E 


NPK 


77 i8* 




rb"a 


139 2|# 


All *22|E 


GPK 


i79 35i* 


5 39l D 








GPH 
GPW 


47 45 J * 
69 of* 


H 7*32|D 

w 5*37 d 


At 


Theodolite 


=: 4 ft. 7 in. 


the S. ob- 

fervatory. 






GPL 


80 94* 


L 4#27|D 


xos 


35 39 * 


s i3*25|d 


gpf' 


20 54 * 


f' 5* 6 p 


XOM 


42 I2|# 


M I3#I2^D 


GPW 


38 18J* 


W 12*20 D 


XOR 


5^ 49i * 


R 1% * 4 D 


y '*y 


45 39 


I by reduction 


xob" 


89 35 * 


b" 7*39i D 


yPK 


2 55* 


XOA 

xou 


H5 43-1* 
1 39 * 


A 0*59 D 
u 4* 41d 


y' from 
d' from 
m is M 


p bears 30 41*5. E. of South, 
p bears 14 57 W. of South, 
r. mason's mark. 



At 
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At N 


Theodolite = 4 ft. 1 1 in. 


1 At K 


Theodolite ~ 4 ft. 8 in. 


the Weil 






[the Eaft 






em cairn 






fern cairn 








/ 


« # 


1 


/ 


* ' 


KNO 


40 Si 


1 


NKO 


44 5 1 ! 


x 


KNR 


74 4§f 


r by reduction 


NKR 


H si 


} by reduction 


KNP 


5° 47t 




NKP 


$t 54} 


n 6*41 E 


ymV 


9 37i 




NK» 


45 * 


. n 6% 36 E top 


kn/ 


2 nf 




NKF 


43 3*1* 


¥ 9*46 Dtop 
Pole 4 ft. 2 in. 


KNA 


*33 53 * 


A I2«&22|D 






KNB 


146 i5|# 


B 1 1 # 1 7 D tOp 


NKO 


5* 40 # 


o io# 16 Dtop 
Pole 4 ft. 4 in. 


KNC 


178 3of# 


C I0# 4 D 






io#i4|d 


KND 


172 51 # 


D 10 #39 Dtop 


NK* 


SS 1* 


a IO 3D 


KN« 


H4 37i# 


* 4#3°i D 


NKH 


81 28 


H 12 7 D top 


[ KNO 


^8 23 # 


<3 *6#55 Dtop 

Pole 4 ft. 4 in. 






Pole 6 ft. 5 in. 








NKH 


81 27f# 


H I2# 5fD 


KNH 


69 13J 


H 14 38 Dtop 
Pole 6 ft. 5 in. 


NKW 


97 *8 * 


W II #28 D tCp 

Pole 7 ft. 


KNJW 


64 27 # 


m 18*55 d 


NKL 


109 19!* 


L 10 #25 DtOp 


KNW 


56 22 # 


W 1 2 #35 DtOp 






Pole 6 ft. 8 in. 






Pole 7 ft. 


N&L 


109 18 j# 


L 10-fc 23fD 


KNL 


49 7 * 


L IO #55 *>top 
Pole 6 ft. 8 in. 


NKY 


153 40 # 


Y 10 #30 DtOp 


KNY 


18 50 # 


y 9*37fBtop 


NKV 


174 20 # 


v 9# 5|Dtop 


kn/ 


2 15 # 


y' 7*3° D 


NKE 


156 18 


E 3 34 DtOp 


K^E 


1 *5i* 


e 6#38|d 


NKa 


11 36 # 


«' 6#3i|e 


KN^ 


9 37f ^ 


¥ 6#25|d 


nkm' 


7 8 # 


m' 4*5 I i E 


KNU 


41 4 §* 


U IO#l2|Dtop 


NK^* 


6 2f# 


¥ 6*53 e 


KNS 


60 44 # 


s 18*41 d 


«K« 


54 261* 


* I0 3l*> 


KNR 


74 48|# 


R I9#20 D 


»K* 


54 25f # 


* I0# 3|D 


KNB"" 


104 30 # 


*"i7*35iB 


WK# 


39 l6 i* 


£ 8#s8|d 






k 6#43|Dtop 


*'k/3' 


37 39 j v 6 32 e | 



At 
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At & 


Theodolite 


n 4 ft. 4 in. 


At n 


I heodolite 


r= 4 ft. 9 in. 


the E. end 
of the N. 


/ 


/ 


the new 
W. cairn. 


/ 


' 


bafe. 






K«# 


108 59|# 


k. 6 # 4o|d 


y*K 


106 # 


K IO# l|E 


K»/3 


ra8 3S%* 


# *3* 7l D 


•yaG 


101 3 # 


9*37|e 


k»f' 


128 55.}. # 


f' I4#io|d 


y«N 


89 41 * 


n i3#45i £ 


Ktfy 


135 4of * 


y 12 #29 D 


yati 


% 25 * 


n t3#49|e 


K«D 


'73 55 


D 10^45 D 


y*F' 


47 3 8 * 


f' 8# 6|e 


KMN 


38 a8f# 


N I 42 D 






# O 19 D 


kkb" 


102 54J# 


b"i7 31 d 






y top 
Pole 3 ft. 2 in. 


D»A 
D«G 


53 49 * 

75 24 * 


A I2#2l|D 
G 17* 3 |D 








At/2 


Theodolite 


=, 4 ft. 8 in. 




78 44i 




between « 






D»P" 


P".20* 2|D 


and y the 










p" is a pole in a line 


ends oft he 










with p and k. 


N. bafe. 






D»H 


104 35 


H I4#42|D 


*££ 


174 5i 


k 41JE 


D»L 


124 34 


L IO 56 D 


•1?/' 


*47 37i 


*' I#25iE 


D»K 


i73 55 


* i3%5i|D 


*£f' 


7 1 49 # 


f' io#22|e 














N»G 


*3 2 59 


« 13*54. r> 


*0D 


108 ij# 


d 9#i71e 






n « was = 9 3§ feet by 
the tape meafurc. 


y#D 


70 5 8f # 
7i 57!* 


» *3* 5fE 

9^ I 7inyE 








At E 


Theodolite 


zr 4 ft. 9 in. 








the new 






y/3F' 


108 9f# 


f' IO#-22|e 


E. cairn, 










« 0# 6 D 


NEA 

ntem' 


10 $}# 
4 58}* 


A 6#22§E 

M ' 4*45i E 


Aty 


Theodolite 


= 4 ft. 8-| in. 


the Weft- 
era end of 






NED 


4 5i|* 


d 6#4i|e 


the North 
bafe. 






NEK 


22 I4|^f 


K 2*II§E 


«yF' 


50 6|* 


F' 8#23|E 


NEH 


78 40 j* 


H II* 47 J D top 

Pole 6 ft. 5 in. 


*y« 


6 3 53i* 


n I2#27|e 














NEW 


94 *7 * 


WII# 1 6} d top 


*yD 


97 5i* 


d 9#4i e 






Pole 7 ft. 






« O^f 2 DtOp 


NEL 


I06 2l|# 


L 10* 17 DtOp 






Pole 3 ft. 2 in. 






Pole 6 ft. 8 in. 



Vox.. LXVIII. 



4R 



NEY 
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o > f o / 


At/ 


Theodolite = 4 ft. 8f in. 


NEY 


151 16 #| y 10*37 d 


the cente 

of the 


r 

/ 


j 


NEV 


172 20 * 


v 9*15 d 


tranfit in 
ftrument 






NET 


172 22f* 


T 9^4i|Dtop 


near the 
N. obferv 






NEZ 


144 46 * 


z 9%i8|d 


M"/p' 


32 24 * 


p' 9*i8|d 


NEU 


114 20|# 


u jo* 4JD 


M"/G 


3 2 57i* 


g 5*58|d 


a'Eet! 


68 35f # 


«' 6*21 E 


m"tm 


5 '4 * 


m 12 *32|d 


a'R* 


73 56§# 


* 6*37i* 


m"/h 


14 28 * 


h 7*44|D 


tf'EN 


78 39i* 


n 6*33 e 


m"/ w 


35 23J* 


w 5*47i*> 


<t*v 


97 i7 * 


*' 9* Sfo 


m"/L 


46 22 * 


1 4*35|d 






a' 8*27 r> 


#?/m' 


68 13 * 
68 15 * 

144 17 * 


> I2*50|E 

M'22* 5 E 
g 5*57fi> 


. AtM ; 


Theodolite 


;= 3 ft. io| in. 


7H/G 


the meri- 
dian mark 






W/H 


96 52 % 


h 7*43|d 


on the top 
of the hill 






*W/W 


75 56 * 


w 5*47|d 


South ofp. 

km'e 


3 *8|* 


e 4*5 6 i D 


W/L 


64 58 * 


1. 4*37i*> 


km'/ 


6 37i* 


/ 6* 3$Dtop 


tntv 


54 41* 


P !7*42|Dt0p 


km'l 


53 2 7§* 


L 10* 19 DtOp 

Pole 6 ft. 8 in. 


1 I »* 4* 3 e 

m" bears 1' 8" W. of North. 
m' bears South. 


km'w 


63 I2§* 


W 11*41 DtOp 


p' in a line with K and p. 

p t a pole immediately above or South of the tranfit 


km'h 


78 41* 


Pole 7 ft. 

h I2*56|d top 
Pole 6 ft. 5 in. 


instrument. 


Atj> 


Theodolite rr 4 ft. 5 in. 


km'/b 


86 33! * 


m 22* 12 D 


GpM' 


147 5 *| m'22* 8|e 


. KM/ 


87 54 * 


/> 22*10 D 


op* 


133 6 I* 


y 24*l8 E 


km'g 


108 49 * 


G 12 #33 DtOp 


GpT 


26 43 


F 5 26 D 






Pole 4 ft t 4 in. 


GpP' 


34i* 


P' 9*23|,D 


km'f 


118 3f* 


F 12*25 DtOp 


GpM" 


32 471** 


M"I3*25|D 






Pole 4 ft. 2 in. 


Gpt 


32 48 


/ 19 17 D 


km7 


176 ij* 


J' 12* 8 e 


Gpm 


38 of* 


m i2*34|d 






K * * D |g/h 


47 « * 


h 7*49i» 



QpVi 



the mean Denfityoftbe Earth. 
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... .. 


/ 


# 




/ 


/ 


GpW 


68 3i* 


w 5*5 I I*> 


kVo 


73 39 # 


O 33*52 D 


QpP 


76 55i* 


p 13^49^ 


K*'/3' 


28 4j* 


0' i5*5°I D t°R. 


opt 


79 °i# 


t 4*39i*> 


Kay' 


4 531^- 


r 7*35f to P 


Gpm f 


121 24 # 


m' 4#5oI» 


K« f * 


65 24 # 


* 3 4*i top 

Pole 1 7 ft. 4 in. 


GpTS. 


i79 37 * 


e i7^39|e 






nth tpoi 


e t little above or South of p. 


*«'d' 


13 48 * 


^ I2*54|d 






E«V 


8 3*1* 


«' 8* 3|d 






Mm' 






e«'k 


2 49i* 


E 6 3O D 


Grn'M* 

Qm'tf 


i4S 4i* 
131 11 # 


M f 22# 8£e 
# 24#I2|E 














pm'p 


57 53i# 


£ 2*47 D 


At 0' 


Theodolite = 4 ft. 9 in. 


**«'* 


34 43 


* IO 15 D 


theSouth- 
eaft pole. 






om'F 


13 I # 


F 5#22|D 








cm'?' 


29f# 


p' 19*19 


«'£'o 


56 47 * 


O 2I#45|D 


pm'u" 


3* *9i# 


M"l3#23|D 


«'/3'b' 


62 2i£# 


b' IO#28|D 


got'p 


37 6 * 


p i8#i6$d 


a'tf'R 


84 46 # 


R 15^17 » 


Gtn'm 


37 49i* 


01 I2#36|D 


*'j3'M 


96 41 * 


M I7# 3§D 


Gm'n 
Gm'vr 


47 I0 * 
68 11 # 


h 7*49 d 
w 5*49i D 


«'j3'k 


114 8§# 


«' I5#42|E 








Gm'h 


79 *7i* 


JL 4#40|D 


At/ 


Theodolite ~ 4 ft. 4 in. 


Gtn'E 


x77 53 * 


E 17^54 E 


theNorth- 
eaft pole. 






Atm 










P/WK 


15 57 


K 15 E 


n/p 


56 55l* 


p i8# 3|d 


vma 


37 " 


P 12 27 E 


Ny'* 
Ny'a 
Ny'* 


55 a*f 
5°f * 
8 i7l# 


.* 17 49ID 
n 7 15 e 
*' 7*59i E 


At*' 

the South* 


Theodolite 


. zz 4 ft. 1 1 in. 


wrcft pole. 






NyV 


14 17 * 


*' 7*3* E 


K*'f* 


H9 3 * 


k 6^43Jd 


Ny'K 


151 54§* 


K 1 * 34IE 


k*'b' 


131 3 * 


B'xsfcS 1 ** 






N 7*23fE 


k*'k 


J 102 7$* 


R 20* 9 D 









4R2 



At 
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At? 


Theodolite zz 4 ft. 4 in. 


Ati 


Theodolite zz 4 ft. iof in. " 


AeNorth- 








/: 


/ 


weft pole 


/ 


/ 


/'iF' 


4 .42 


F 5 HE 


; K^'jyi' 


2 53 * 


m^I2*36|d 


*'** 


34 47 


* o, 27 D 


K^' 


4 29 * 


• 8* 8|d 


*'i£ 


37 J 3 


'£ 52 D 


K$m' 


73 aof # 


m'24# 9^0 top 






•/' 26 E 


m Kfp 


74 S5i^ 
108-48** 


p 24#i6|Dtop 

I2# 8|Dt0p 








At a 


Theodolite = 4.ft..8j.in... 




: 


Pole 4 ft. 4 in. 


baK 


ll 3 57f 


■ * 14 45 e 


K^N 


164 19}* 


■ N 6# SfDtOp 


ban 


I5S-24 


Top of tlie cairn. 


K*V 


I08 56 * 


k 7* 3 D 


bavr 


80 40 




K^E 


2 30$* 


E 6#49 m 


bai. 


59 4 8 




■Era 

y r« 


9 5§* 

I13 20§# 


a 8*5oJ_d 
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yi't 


7° Hi* 


t 24 20JD 


At* 


43: 35 


K 13 32 E 








abK 
abn 


18 49 


Nil 26 

a 5 39 








AtF' 
DF'« 


Theodolite zz 4 ft, 7§ in. 








56 24** 




Aid 


Theodolite 


zz 4 ft. 9 in. 


df'p 


77 371* 




cdn 


14 11 


n 11 33 E 


HF'a 


i74 4<>|* 


* 8#X2$D 


cd® 


34 53 




de'0 


124 47 # 


£ I0#30}D 


cdn 


63 27 


H 6 36 D 


JDF'y 


103 4 # 


y 8#28|d 


cdt, 


in 12 


L 6 42 D 


DFY 


77 42 


D 7#II B 








At € 


Theodolite 
49 34 # 


zz 4 ft. 8 in. 
1* 7#2i|d 


At*' 


Theodolite 


zz 4 ft, 10 m» 


dch 


£*V 


57 7 


i#37|i> 


den 


97 9 * 


h 9#i7|i> 


et'k 


"5 32 


^ O 41 D 


dcG 


136 9f# 


o 4#5 8 » 


FYi 


172 38 


f' 7#5°i E 


dc% 


118 55i* 


k i4#35i* 


1 






dcF 


144 20 


F 4 24 I> 



At 
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At a' 


Theodolite zz 4 ft. 10 in. 


At / 


Theodolite rr 4 ft. 8| in. 


%<*'<*! 


© 
102 48 # 


*' 7°#S6 « 


a'c'V 


t 

121 I2j*. 


/ 

£' 6# IE 


Etf ''*' 


97 5i* 


*' 8 #.10 E 






a' 9* 6 e 


lia'b' 
E*V 


65 58i# 
88 6 # 

I08t2lf * 


£' 6# 4§d 

/ II #20§D 

«r 2*34|e 

E 7 I9E 








Ate? 
a'd'u 


Theodolite 
169 I4f# 


== 4 ft- 5 in. 

«,' I2#35|E 
. tf' 2 48 D* 


~*At b' 


Theodolite =z 4 .ft. 9! in. 




c'b'a' 


36 41I* 


V 5#44fs 






c'b'E 


53 26 I* 


E 8#4I|F 

r' 4 41 * D 







Several other, angles and bearing of objects were taken, 
which, being of no ufe in computing the attraction of 
the hill, are here omitted. . 

The foregoing tables, containing all the angles col • 
le£ted together which were obferved at the fame point, 
include all the horizontal angles that were at different 
times taken for afcertaining the relative places of the 
principal points and obje&s on a horizontal plane. The 
numerous other angles ufed,in finding the fe&ions of the 
ground, are givea hereafter, with their computed refults 
annexed to thenu. 

We now proceed to fpeak of the two principal bafes 
which were accurately meafured, as foundations on 
which every thing elfe muft depend j and firft, 



Of 
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Of the meafureofthe bafe rb" to C&enmore, the valley on 
the South of Schehallien, taken the i6th, Sec. of Sept. 
1774. 

Here a and b are the names of the two meafuring 
rods, which were laid down alternately in the order as 
exprefled in the following table of meafures. The 
lengths of thefe rods, by the brafs ftandard, when the 
thermometer was at 62|, were thus, viz. 

ca = 20 feet 1*255 inch.= 20* 1 04581 f 
1b =20 feet 1*323 inch.= 20*11025 J 

The numbers following each rod, with the lign + inter- 
pofed, are inches and decimal parts; and they denote the 
diftance beyond the end of each rod to the beginning of 
the next following rod; and, therefore, the fumof all 
thefe numbers muft be added to the fum of the lengths 
of the rods themfelves for the total of the meafures. 
Alio, as the firfl rod began at 2 feet 8 inches from the 
point r, this number is to be added to the total laft men- 
tioned, to give the meafure of the whole bafe from r to b' ; . 



A + 8'29 
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A + 8*29 


b +3*45 


B 47*22 


a 4 3*34 


A 44*47 


A +3*69 


b 4-2*53 


a + 3*80 


A +1*91 


b + 3*65 


B 43*75 


B 44*07 


A +6*11 


b +664 


B +4*46 


A 46*96 


a 44*74 


a 42*75 


b 4-6*66 


A +7*76 


a +i*95 


B 4 3*07 


B 4 3'06 


B +4*65 


A +2'79 


B +3'28 


B 4 2*26 


a 4 3*55 


A 4 2*58 


A 44*07 


B +1*20 


A +4-87 


a +4*54 


b 4 2*93 


B 4-4*15 


B 43*23 


A -j-2 # 07 


b + 6*18 


b +4-48 


a 4 5*53 


A 4 3 #l6 


A 4-4*16 


B +4*80 


A +8*70 


A 4 3*H 


b +5*33 


B 4464 


b 4-5*73 


A" +0*00 


A +7*87 


b +3*3* 


a +4*3 8 


A 4 3*26 


A +4*12 


B +1*78 


b +4*75 


A +5*00 


b 43-67 


B 4-4*18 


B 44*91 


A +3*29 


A +6-56 


B +4*85 


A 45*12 


A +4*04 


a 43*iS 


B +2-85 


b +5-24 


A +6*12 


b 4 1*06 


B 42*92 


B 43*9I 


a 46*39 


A +7*90 


b +3*44 


A 45*9 6 


a 4 3* lc > 


A +5'2$ 


b 4- 4*86 


b +6-32 


a +6*18 


b +2*47 


B +5*11 


B 42^0 


a +6*08 


A +6*92 


b +4*19 


A 43*84 


a 44*61 


a +4*39* 


b 48*58 


B 47*28 


a +4*5* 


b 45*57 


*b +3*34 


b +4*37 


a +9*07 


a 4-6*34 


b 43*04 


A 42*63 


a +2*57 


a +3*29, 


b +1-53 


b +8*93 


a 44*37 


B 4 7*41 


b + 5*80 


B 42*12 


A +2*28 


a +5*39 


B +2*96 


A 43*H 


a 43*37 


a 42*95 


b +7 # 47 


B +$*20 


A +2-47 


b 41*74 


B +2*5$ 


b 43*3.° 


A -f2*40 


a 43*54 


b 43*90 


A 4 2*07 


A 42*24 


a 42*82 


B +5-42 


B +1-26 


A +5*78 


b 44*33 


b 4 3*4& 


b +3*97 


A +7*42 


A +3*20 


b 43*97 


a +5*93 


a 4-a*95 


A +1*37 


B 48*14 


b +5*34 


A +4*87 


B 46*36 


b +2 88 


B 4O*00 


a +877 


a 43*74 


B +4*83 









The fttm of all thefe Is 74a+73R+669'28 inches,, 

cr 7 4A 4 7 3B + 5 5 • 7 7 3 feet r includ- 
ing the 2 feet 8 inches at the be- 
ginning of the measurement* 

6 Now 
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Now 74A is =1487*73892 
73B is = 1468*04825 
The odd parts 5 5 • 7 7 3 

Sum 301 r* 56017 = the bafe unreduced. 

But a redu6tion of this muft be here made according 
to the ftate of the thermometer, and for the wearing of 
the brafs 5 feet ftandard (fee Phil. Tranf. vol. LVIII. for 
the year 1768, p. 313, &c). Now the difference 
between 62 and 62| being |, therefore 3011*56 
*35fen*£ = 3011-56 x Tyllooox 1 = 0-024 feet, is 
the fmall correction on account of the thermometer, 
and which being added makes the number become 
301 1*584 for the length of the bafe as reduced to the 
ftate of 62 of Fahrenheit's thermometer. But the 
brafs rod had been Y^th of an inch fhortened by wear- 
ing, and it was originally YoW^ °f an inch fhorter than 
the Royal Society's brafs ftandard yard, fo that it is now 
— ^dth inch fhorter than that ftandard in the length of 
3 feet, or y~o^th part of the whole; therefore fubtraft- 
ing the I8 Q 0Q th part, or -167 from the above quantity, 
there remains 301 1*417 feet for the corrected meafure 
of this bafe, or the true length of the line rb". 

The above meafures, as far as to that marked # in- 

clufively, together with 10 feet ioj inches more, reach 

4 to 
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to a place to which they had before meafured with the 
tape line, and by it found to be 2844*8 feet; while 
the raeafure of the fame by the rods is found to be 
2839*3 feet. The difference is 5J feet, a fmall part of 
which might be owing to the unliable ftate of the wooden 
ftands ufed in the firft quarter of the bafe; but the 
greater part of this difference is more likely to be owing 
to the uncertain way of meafuring with a tape, which, 
to fay nothing of the ground not being quite level, is 
liable to be ftretched more or lefs in length with dif- 
ferent degrees of tenfion, and to be varioufly warped in 
length by moifture. 

Of the meafurement of the bafe otfiy in Rannoch, to the 
North-weft of the hill of Schehallien. 

1 . One part of this bafe was meafured twice over in 
different ways. The part a/3 was carefully meafured on 
the 8th of October 1774 with a chain, and found to be 
63 chains and 40^ links, or 63*405 chains in length. 

Now on the 24th of the fame month the chain was 
meafured by means of the five-feet brafs ftandard, when 
the thermometer was at 38°^, and the length found to be 
65*94542 feet. Hence then 65*94542x63*405 = 
4181*269 is the length of all the chains, to which, add- 

Vol. LXVIII. 4 S ing 
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ing 1*764 the breadth of the 63 iron pins, the fum is 

41 83*033 for the length of a/6 uncorrected* 

But 62-384=231, therefore -23^x7^^x4183 
= - 1*056 is the redu6tion on account of the ftate of the 
thermometer, which being applied with its proper fign, 
there refults 4181*977; and from this laft number de- 
ducting again ^th part or '232, on account of the 
wearing of the brafs ftandard, there then remains 
41 8 1*745 feet for the length of the part ct& of the bafe 
in Rannoch, as meafured by the chain. 

But as the chain was meafured not at the fame time 
with the bafe, but between two and three weeks later, 
when the air was probably cooler, the reduction above 
made for the ftate of the thermometer is perhaps fome- 
thing too great, and we may fafely conclude otft to be 
equal 41 82 feet as meafured by the chain. 

2. The whole bafe ot(3y was next, on the roth, nth,, 
and 1 2th of OCtober, very carefully meafured by the 
twenty-feet meafuring rods. The rods at that time mea- 

fured thus, { A = *° £ + r3 ° 6 hl t = 2 °' IG8 | ) feet ; 
Ib = 20 it. + i*354inch. = 20*1 j2-| J 

the thermometer being then at 40 °. The number of 

rods and the additional parts, were as follows. 

a +4*49 
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a +4'49 


a 43*99 


b 41*73 


b 4322 


b 42*43 


B 41*87 


b +3-29 


b 43 ,]t 3 


a 42-41 


A 4 3*l6 


a 4 1*97 


A 42*38 


A +6*57 


a 43*55 


b 42*99 


B 4 2*07 


b 4i*74 


B 42*67 


B 4-3*62 


b 44*^9 


A 42*62 


A 42*22 


a 42*84 


A 42 07 


A +3*84 


a 44-06 


b 42*18 


B 44'83 


B 43*65 


B 41*84 


b -t-3-5* 


b 43*94 


A 42*72 


a 42*39 


a 41*62 


A 44*03 


a +4*5° 


a 43*64 


b 43-02 


b 42*68 


b 41*27 


B 4l72 


B +3-62 


b 43*23 


A 42*46 


A 4 2 O9 


a 42*38 


A 42*14 


a 4-4*88 


A 43*76 


b 43*68 


b 41 97 


B 42*36 


B 4l*80 


B +274 


B 42 5 6 


A 4 2'62 


A 41-48 


a 42*57 


A 4l*27 


a +3*24 


A 43-38 


b 42*72 


b 43*2° 


B 42-67 


b 41 88 


B +4*30 


b 43* 2 9 


a 43 33 


A 42*62 


A 42*48 


A 42*36 


A +3*50 


A 43*65 


B 42*93 


B 42*37 


B 42-3i 


B 42*04 


B +3*26 


b 43-5 1 


a 43*H 


a 42*47 


A -J- 2*28 


A 4 2*37 


A +2*96 


a 4 3*88 


b 42*93 


B 43*48 


B 43*96 


B 4I7? 


B +3*32 


b 42*29 


A 4 2*40 


a 43**6 


A 44*87 


a 41 66 


a +5*93 


A 43*13 


b 42*06 


b 4 3*5° 


B 42*6l 


B 4 2*26 


b 45*°o 


b 43*7i 


a 43 #I 3 


A 4 2*33 


A 42*22 


a 4 1*97 


A +3*43 


a 43 #I 3 


b 42*57 


b 42*37 


B 4l*63 


B 41*77 


B +3*87 


b 43*13 


A 42*85 


a 42*68 


A 4I*87 


A 42*63 


a +6-37 


a 45*43 


b 42-87 


b 4 2*68 


B 42*4I 


B 43i8 


B +3-48 


b 43*o8 


A 44*12 


A 42*76 


A 42*62 


A 4 2'Og 


a +4-86 


a 4 3*57 


B 42*20 


■> b 42*68 


B 42*09 


B +i*74 


B +4*87 


b 45*68 


a 42-68 


A 42*05 


A 42*27 


a 42*74 


a 43*08 


a 43*89 


B 42-17 


b 43-09 


B 4 3*02 


B 44*49 


b -4-367 


b 42*78 


A 42-13 


A 42*50 


A 42*41 


a 42*60 


A +3^8 


A 43*27 


B 42*17 


b 42*52 


b 42-53 


b 42*45 


b 43*43 


B 41*84 


A 43*12 


A 4 2*62 


A 41*84 


A 4l*4i 


A 44'82 


A 40*00 


B 42*70 


b 4 2*43 


B 42*68 


B 42*67 


B 44*46 


a 43*H 


A 43*17 


a 43*° x 


. A 42*37 


A 41*98 



4 S > % 



B + 2*g6 



708 Mr. hutton's Calculations to af certain 



B 4-2*96 

A +2*27 
B + 2*6o 
A +3'08 
B +2*23 
A +4*70 
B -f-2'28 
A 41*79 
B 4^83 
A 42 74 
B 4-2 48 
A 4 2'23 
B -fl*66 

a 4 3*o8 

B 4 2*31 
A + 2*20 

b + 3*06 

A 42*36 
B 4 2*24 



a + i*66 

b 4i*53 
a 41*80 

b 4 3*53 

a +2*45 

B 4-0*00* 
A 42*36 

b 42*75 
a +1*77 
b 4i'55 
a 41-97 

B 4-2*04 

A 4-2*56 

B 42*15 

A 4-2*26 

B +2 57 

a 4-1 94 

B 41-97 

a 4- 1 94 



b +2*77 

A 4-2*09 
B 4-2*14 

a 42*45 

B 4-2*98 

a 4-2*40 

B 4-2-50 
A 4-2*82 

b 4-2*37 

A 4-2*76 
B 4-2*91 
A 4-2*58 

B 42*34 
A + 2*86 

B 42*67 
A 4-2*19 

b 42*37 

A 4-293 



b 42*37 
a 4-2*86 
b 4-2*42 
a 4-2*16 

B 4-2*21 

a 42*75 

B 4-2*03 

a 4273 

B 42*14 

a +1*57 
b + 1*77 

A 4-2*21 
B 4*2*11 

a 4-2-99 
B + 2*06 

A 4-2*36 

b 4i'77 
a 4- 1 66 



b 4-1*86 

a 4-2*33 
b + 2^65 

A 42*14 

b 4-2*35 

a 4-2*43 
b 42*59 

A +2*48 
B 4-2 # 48 
A 4 2*9I 

b 4-2*47 
a + **8o 
b + 1-99 

A 4-2*8l 

r 4-2*44 

A + 2*07 

b 4-2*44 

A 4-2*14 



B 4 2*4^ 
A +2*1-1 

b 43*03 

A 42*67 

b +2*43 
a 41*93 

b +275 
a +1*99 

B +2*lf 
A +1*83 

b 4-i*93 

A + 1*6$. 

b +1*04 
a 4- 1 '96 
b +2*7-7 

A 4 2 25 

b 41*79 
A 4Q-CO 



Of the foregoing meafures, the furxr of all from the 
beginning to that marked # inciuflvelyv together with 
1 3 feet % inches more, brings us to the point /$ before 
meafured to by the chain. Now to this place, by adding 
together the meafures, there are found to be 103 a and 
1 02 b, and the fum of the parts is 5 86*7 1 inches. 



Then 
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Then 103 a = 103 x 20'io8{= 2071*210 

I02B = 102 X 20 , 112{=:2<051 # 509 

586-71 inches = 48*893 

13 ft. 2 inch. = 13*167 



Hence oc (3 (unreduced) is 41 84*7 7 9 

But fince 62 - 40 =22, therefore the reduction for the 
ftate of the air is - 22 x ~is^ x 4185 = -'989, which 
being applied to the above fum, there remains 4183*79 
as correfponding to the ftate of 6 2 of the thermometer. 
From this laft number dedu6t its,— ooth part, viz. '232, 
and there refults 41 83*5 5 8 for the correct length of the 
part #j6 as determined by this very accurate method; 
which is but about a foot and a half more than what it 
was found to be by the lefs accurate meafure by the 
chain, which is a nearer approach to an equality than 
could well be expelled. 

To determine now the whole length of the bafe ay; 
by taking the whole fums there are found to be 146 a 
with 144B and 779*78 inches of the odd parts. 
Then 146 a = 146 x 2o*io8|= 2935*890 
144B = 144 x 20*ii2|= 2896*248 
779*78 inches = 64*982 

The fum or # y (iinreduced) is 5897*120. 

The- 
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The corre&ion for the thermometer is - 22 x 77^^ 
x 5897 - - i - 394> which being applied to the number 
above, there refults 5895.726; ar\d this again being di- 
minifhed by its y-hroth P art > or - 3 2 7* there remains 
5895*399 feet, for the correct meafure of the bafe#y 
in the vale of Rannoch* 

There is no occafion here to explain the manner of 
meafuring thefe two bafes by the twenty-foot rods, as that 
has been very circumftantially done in vol, LXV. of the 
Phil. Tranf. for the year 1775, by the rev. Dr. maske* 
lyne, the learned and accurate conductor of this very 
important experiment. 

The following fhorter lines were alfo meafured as they 
happened to be wanted in different parts of the fbrvey* 

Feet. Inch* 
^=269 4 

n/z = 93 
Ke = 94 10 



inch* 
4] 

, r nearly horizontal* 



KE = 24O IO 

ac = 9 9 
an = 7 10 
en = 1 11 



ma = 70 11 
mt = 68 3 



m p- g 3 4 r not horizontal* 



pt = 27 



The 
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The other meafures that were taken for determining 

the fedtions will be delivered afterwards, when the re- 

fults or computed altitudes have been obtained, in order 

to be placed oppofite to their correfpondent angles. 

Having now obtained, to a great degree of accuracy, 
the meafured lengths of two lines which were to ferve 
as bafes for all the future calculations, the next confide- 
ration w r as how to make the propereft ufe of them. 
Every other line or diftance, drawn or conceived to be 
drawn, muft be calculated from them by the help of the 
angles obferved either at their extremities, or at all the 
other points and ftations in the furvey and plan. As thefe 
two bafes are fituated in the low parts of the country, 
from whence but a very few of the other principal fta- 
tions are vifible, one method evidently is to compute im- 
mediately from thefe bafes fuch of the great lines in the 
furvey whofe extremities are vifible from them; and 
then from thefe calculated lines to compute others next 
to them, and fo on quite around and within the whole 
figure. In this manner feveral values of each line will 
arife, both from the double computations by the two 
meafured bafes, and from the various fets of triangles 
which can be formed from the very numerous ho- 
rizontal angles which were obferved at the feveral 
ftations. But in this mode of computation, after 



great 
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great labour and pains, I had frequently the mortifica- 
tion to find that the feveral values of the fame lines 
would differ fo greatly one from another, that I was 
often very doubtful whether I could rely on any of them, 
or even on the mean among them all. Thefe differences 
arofe from the fmall errors in the obferved angles, which 
in fome degree are unavoidable; and indeed they were 
fo fmall, that the fum of the angles of the feveral tri- 
angles which were ufed in the calculation feldom dif- 
fered by more than a minute or two from 1 8o°. But in 
a long connected chain of triangles, dependant on one 
another, the effe&s of fuch fmall errors at length be- 
come too great to be tolerated in a computation requiring 
much accuracy. Another method is, firft to compute 
from both bafes the length of the line kn extended along 
the ridge of the hill from Eaft to Weft, and from it, as a 
fecondary bale* compute all the other lines in the plan. 
This method admits of much more accuracy than the 
former, fuppofing this fecondary bafe to be truly af- 
figned ; becaufe that, from the elevated and central fitua- 
tion of this line, all or raoft of the other points in the 
furvey are vifible from one or both of its extremities, by 
which it happens that the other lines are moftly deter- 
minable from it alone, without fo clofe a connection with 
one another as in the other method of computation. By 

both 
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both of thefe methods then, and by all the triangles 
furniihed by each of them, I computed all the princi- 
pal lines in the plan, and either took a mean among the 
feveral values of each, or elfe fele&ed out of them fuch 
one as from various circumftances I judged it fafeft to rely 
upon, as neareft the truth. The trigonometrical compu- 
tations were always accurately made, and generally re- 
peated by logarithms, and the refult of every proportion 
determined to two or three places of decimals. I fhail 
here abftradt the mean or corredted values of fome of 
the principal lines or horizontal distances fo computed, as 
well as the fecondary bafe kn from the Eaftern to the 
Weftern cairn. 

The mean among a great number of ways of compu- 
tation from the South bafe gives the horizontal diftance 
from k to n = 4052*2, and the mean of all the refults 
from the North bafe ctfiy gives kn = 4058*9, and the 
mean between thefe two gives 4055*5 for the mean 
diftance of k and n. And this value of kn was ufed in 
computing moft of the other lines, whofe mean refults 
are as here follows. 



Vol. LXVIII. 4T «y= 
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&y =5895*4 the Northern bafe in Rannoch. 
rb" = 301 1 # 4 the Southern bafe in Glenmore. 
nk = 4055*5 the cliftance of the two cairns. 



ra =5670 
ab =1489 

BC =4506 

cd = 775 

DF =7388 
FG =Il66 
GH =4068 
HW = 2Il8 
WL =l8l6 
LY =7085 
YV =3636 
VT =2645 

tz =4393 
zv =4132 
ux =1984 
xs =2378 

$R =1410 



NR 


= 


5545 


KR 


- 


5952 


NB* 


rz 


6053 


KF 


= 


8227 


NA 


= 


5941 


KG 


=: 


8036 


NB 


zz 


6573 


KH 


= 


7748 


NC 


s: 


7797 


KW 


= 


7603 


NB 


nr 


7657 


KL 


— 


8335 


NF 


= 


5980 


KY 




IOOO8 


NG 


== 


6370 


KV 


= 


I02I5 


NH 


rz 


8195 


KO 


= 


2615 


NW 


=r 


9°59 


KP 


= 


3221 


NL 




10405 


K.K 




I37IO 


NY 




13752 


Kj8 




I5404 


NS 


zz 


5795 


KM' 


= 


1817 


NO 


= 


2875 


K*' 


= 


2528 


NP 


= 


3271 


ku 


:= 


332° 


M* 




11876 


K& 


— 


4409 


N# 


r= 


5899 
7614 








N& 








N^ 


= 


338i 


PG 


— 


48l5 


N^ 


=: 


1585 


PH 


— 


5196 



OR = 

OB /; = 

OA = 

OS = 

OX = 

OU = 

OZ = 

OM = 



3$8^ 
5466 
6769 
3271 
4079 
6o6l 

9073 
3317 



MS 


= 381 


te 


= 1335 


ze 


= 3719 


f'd 


= 6430 


f'f 


=3934 


F'/' 


=4098 


fk 


= 2327 


u'b 


= 1172 


ab 


= 1843 


cd 


= 1750 



From the three firft lines, or bafes, and the horizontal 
angles obferved at the feveral ftations, a very large and 
accurate plan of the whole furvey was conftru£ted, form- 
ing a map of four feet long by four feet broad, which 
was verified in every part by the meafures of the com- 
puted 
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puted lines, both thofe above-written and others, and 
they were generally found to agree very exactly, accord- 
ing to the fcale by which the plan was conftru&ed. The 
ufe of this large map was to receive and admit of the 
diftinft and accurate exhibition of the figures in their 
true places, expreffing the number of feet in elevation or 
depreflion with refpeit to each obfervatory of every 
point and fe&ion of the ground whofe elevation or 
depreflion might be obferved. But before I proceed to 
the computation and conftru£tion of the points in the 
fe&ions, I fhall here abftraft the numbers which exprefs 
the relative elevation of the principal original points in 
the furvey', being the extremes of the lines whofe lengths 
are above abftradted. Thefe few numbers are the refults 
of the calculation of feveral hundreds of triangles con- 
ceived in a vertical pofition, their bafes being either the 
horizontal- lines above-written, or other lines drawn as 
diagonals between many diftant points in the furvey, ac- 
cording to the number of vertical angles which had been 
obferved; and of thefe bafes, whether real or imaginary, 
each generally afforded two vertical triangles, as the 
angles of elevation and depreflion were taken alternately 
at both ends of the lines. It is fcarcely neceflary to re- 
mark, that all thefe triangles are right-angled, the com- 
mon bafe being one of the fides about the right angle, 
and the other the difference in altitude between the two 

4 T 2 given 
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given points or extremes of the bafe ; and this difference 
in altitude is found from the application of this propor- 
tion,^ radius is to the tangent of the angle of elevation 
or deprefEon, fo is the given bafe to the altitudinal dif- 
ference between the two given points, exclufive of the 
height of the theodolite or other inftrument, which was 
afterwards allowed for. From the refolution of all thefe 
triangles, and taking the means of the many correfpond- 
■ing refults, were obtained the following numbers, which 
fhew how many feet the points denoted by the letters 
Handing againft them are below the level of the point n 
or the Weftern cairn. They are all referred to this point 
N at the Weftern extremity of the ridge of the hill, be- 
caufe it is the moft elevated point in the whole furvey. 



o X184 
* *457 

K 480 
R 1 948 
B ;/ 19^20 

ot 2898 
(3 2901 



y 2898 


H 2143 


lu 1613 


A I303 


w 2024. 


x 1996 


B I3T3 


L 2006 


s 1964 


c 1384 


■■* 2 335 


a 1012 


d J 445 


v 2119 


b 823 


F I904 


T 2II4 


c 1364 


l G 193s 


z 1815 


d *539 



e 2145 
m 1958 

M / 322 
F' 2246 
f 2815 
* 2835 

i' 172 



Thefe depreflions, and thofe of feveral other principal 
points, were firft carefully computed by means of vari- 
ous different bafes, as fo many places from whence the 
fedtions were to commence. 

5 Thefe 
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Thefe fedtions are very numerous, made in all direc- 
tions from the primitive points before mentioned, and 
many of them extended to great distances far beyond the 
hounds of the plan hereunto annexed, fo as to include 
the neareft hills and valleys of the iurrounding country. 
They are moftly made in vertical planes in the manner 
defcribed in the article of the Phil. Tranf. before refer- 
red to, excepting fome few of them which are level lec- 
tions in planes parallel to the horizon,, and fome indeed 
irregular as being neither vertical nor horizontal. To 
compute the relative altitude of each point in thefe fec- 
tions, it is evident, requires the refolution of two different 
triangles, viz.. a horizontal triangle by which its place in 
the plan is afcertained, and a vertical triangle of which 
one fide i$ the elevation or depreffion of the point. Of 
thefe fe&ions there are above 70, containing near 1000 
points, whofe places in the plan and relative altitudes 
have been computed: fo that the number of triangles, 
whofe numerical refolutions have been performed in the 
courfe of this bufinefs, amounts tafeveraLthoufands. 

Before the abftraft of the computation of the fe&ions, 
T fhall here put down at large the calculation of one of 
them, to (hew the manner in which they have been com- 
puted in the readieft and eafieft way that occurred to me, 
preferving at the fame time the proper degree of accu- 
racy, 
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racy. I lhall for this purpofe fele<5t the third fe<5tion as 
not containing fo many poles as feme of the others. This 
fedion commences at s, and is car- 
ried up the hill in a vertical plane, 
making an angle of 105° with the 
line rs. The dire&ion of 'this 
plane is here reprefented by the 
line sppp making with rs the an- 

° Leaves Z.R -f t-pzz 75 

gleRS/>=io5°. The points ppp &c 
mark the places of the poles, whofe angles of elevation 
or depreffion were taken at s with a proper inftrument, 
and they are written in the fecond column of the table in 
this example. At r were obferved the feveral horizontal 
angles, which lines fuppofed to be drawn from thence 
made with rs, and thefe are placed in the third column. 
And fince in every triangle rs/>, the angle s is conftant, 
and the fum of r and/> is equal to the conftant quantity 
7$°: therefore each of the angles r, or the numbers in 
the third column, being fubtra<Sted from 75% there re- 
mains the correfponding angle p: and thefe remainders 
are placed in the fourth column. Then, fince the me- 
thod of folution is this, as Cp : f.R : : rs : s/>= ^xrs; and 

again, as radius (1) : tang. elev. : : sp : alt. of p above s = 

f R 
s/xtang. elev.-£-x rs x tang. elev. Or in logarithms 

A. f.R 
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f.R-f./>-f-RS+tang. elev.=log. of the altitude of the point- 
Wherefore having taken, from a table, the fines of r and 
/>, and placed them in the fifth and fixth columns, fub- 
tra6t the latter from the former, and write the remain- 
ders in the next or feventh column ; to thefe add the con- 
ftant logarithm of rs, and write the fums in the eighth 
column; take out then the tangents of the angles in the 
fecond column, and having placed them in the ninth co- 
lumn, add together the adjacent numbers of the eighth 
and ninth columns, placing the fums in the. tenth co- 
lumn, which being the logarithms of the altitudes or 
depreffions of the points p, take the correfponding num- 
bers from a table of logarithms, and write them in the 
eleventh or laft column, for thofe altitudes or depreffions 
with refpeft to the point s, with the height of the theo- 
dolite included, and which is afterwards allowed for, its 
height being generally about 4? or 4| feet. In the fecond 
column D denotes depreffion and e elevation.; in the laft 
column d denotes depreflion and a altitude* 
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Thus then every line in. the table contains the folutions 
of the two triangles, the one horizontal and the other 
vertical^ ufed in finding the altitude of each point or pole 
in the fe6tton. The addition of the conftant logarithm of 
the bafe rs to the logarithms in the feventh column, is 
moft eafily performed by writing it on the bottom of a 
little flip of paper, and fo Aiding it down fucceflively 
over each of thofe numbers, and in that pofition adding 
them together, and placing the fums immediately oppo- 
fite in the next column. 

And in this manner were computed the relative alti- 
tudes of the points in the other vertical fe&ions; except- 
ing two or three cafes, in which the conftant angle formed 
by the fe&ion and the bafe was a right angle; and one 
cafe in which the vertical angles were not taken at the 
beginning of the fe&ion line, but at the other end of the 
bafe line where the horizontal angles were alfo obferved. 
It may be neceffary, therefore, to infert and explain an 
example of each of thefe cafes, and the more fo as they 
point out the propereft means of meafuring thefe fec~ 
tions fo as to fave moft part of the labour in the compu- 
tation, in which the trouble chiefly confifts. 

Of the cafe of the right angle, the / 

firft fe&ion is an inftance, where alfo rs / ....< 

is the bafe as before, and the angle rs/> y^^ 

being = 90°. if* 

Vol. I XVIII. 4U Poles. 
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Poles. 


Dep. and 
Kiev, at s. 


Horiz. 
Ang. atR. 


Tang, of 

vert, /.'s 

at s. 


Tang, of 


Sum of 
Columns 
4 and 5. 


6th -f rs 

= Log. 

Alt. 


Depth 
and 
Alt. 


I 


/ 
5 *6£d 


/ 
10 


8*96533 


9-24632 


8*21165 


1*36105 


23D 


2 


O 30 E 


3* 35 


7*94086 


9*78874 


7*72960 


0*87899 


7fA 


3 


4 15 


41 56 


8*87106 


9*95342 


882448 


i*97388 


94 


4 


6 Hi 


49 25 


9*0386 1 


10*06722 


9*10583 


2*25523 


180 


5 


8 16 


55 5*1 


9*16224 


10*16870 


9 # 33°94 


2*48033 


302 


6 


10 13 


59 57f 


9'25582 


10*23783 


9 493 6 5 


2-64305 


440 


7 


11 37 


62 s6{ 


9*31297 


1029174 


9*60471 


2*75411 


568 


8 


12 25 


65 3! 


9-34276 


10-33257 


9*67533 


2*82472 


668 


■? 


13 21 


66 4 i| 


9*37532 


10*36568 


9*74*00 


2*89040 


777 


io 


14 10 


67 36J 


9*40212 


10*38519 


9*78731 


2*93671 


864 


ii 


l S il 


68 4^i 


9'43657 


10*40925 


9*84582 


2*99522 


989 


12 


17 46 


70 58 


9*50572 


10.46221 


9-96793 


3 #II 733 


1310 


x 3 


l 9 33 


72 48 


9-55035 


10*50927 


10*05962 


3*20902 


1618 


14 20 6 


74 30 


9-56342 


10 55701 


10*12043 


3*26983 


1861 


1 2 


3 


4 


5 


6 


7 


8 



In this form there are three columns lefs than in the 
former, by which it happens, that about one-third of the 
labour is faved. The method of folution is thus; as 
I (radius) : tang, r :: rs : s/> = rs x t.R; and again, as 
1 : tang. s (vertical angle) : : s/>: s^x t. s=rs x t. r. x t. s. Or, 
in logarithms, log. Rs+t.R+t.s=log. of the vertical per- 
pendicular: and by this theorem, it is evident, the co- 
lumns of this table are conftra&ed. 

But 
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But nearly the fame faviflg in the great labour of 
computation would be made if the vertical and horizon- 
tal angles had both been taken at the end of the bafe 
fartheft from the beginning of the fe<Stion. And this 
method would alfo be much the eafieft in making the 
furvey on the ground, as there would then need only one 
obferver with an inftrument to meafure both horizontal 
and vertical angles; and any perfon, without an inftru- 
ment, could diredt in a line the perfon who moves and 
places the poles, or he may even direct himfelf after his 
firft pole has been placed, by means of £ back obje<St, as 
is commonly done in land furveying. 

Of this kind there happens to have <± t P _ f 

/ 

vatory, and where both the bearings 

and depreffions of the points p in the _ *j*o # 

fe<5tion line were obferved. — • 

z.p+ £p~ 9S 
Log. <| 

pg 3-6826*1 which j g a con ft antmim b er from which 

f.G O'QOoSAL . - * . , ,*,., 

r the fines of p in the fifth column are 
Sum 3*68096 1 to be deducted, 

4 U a Poles, 
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Vertic. 
Angles 
at v. 


Horizon t. 
Ang. at p. 


95 '- 4. p 


Sines of 
ZL'sat^. 


PC + i.G 

-s.p=.?p 


Tang, of 
Depr* 


Sum of Col. 

6 and 7. = 


Oepu 

below 

Pi 


I 


a 45P 


/ 
9 15 


85 45 


9*99880 


3*682l6 


9*18728 


2*86944 


740 


2 


8 46 


16 25 


73 35 


9-99132 


368964 


9-18812 


287776 


755 


3 


9 58 


27 16 


67 44 


9-96634 


3*71462 


9 24484 


2*95946 


9»" 


4 


8 38 


3° 5* 


64 8 


9'954«5 


372681 


9*18136 


2 908 1 7 


809 


5 


7 6 


34 SO 


60 30 


9*93970 


3-74126 


9*09537 


283663 


686 


6 


5 23 


37 55 


57 5 


9*92400 


3.75696 


8*97421 


2*73117 


538 


i 


2 


. 3 


4 


5 


6 


7 i 8 


JL. 



Here it is evident is a faving of two of the moft labo- 
rious columns in the table. This happens becaufe that 
in every triangle VGp there are now conftant thofe two 
parts which are ufed in the proportion made ufe of in 
the calculation, viz* pg and the angle g. For then it is, 
as f.p : f.G : : pg : p/>,or log. p/>=lQg. pg+£g-£/>; fb that 
the fum of the logarithms of pg and line of £m is a con- 
ftant number, from which the numbers in the fifth co* 
lumn axe to be fubtra&ed, to find thofe in the fixth co- 
lumn. The reft of the work is the fame as in the firft 
example. 

As to the irregular fedtions, the computation of them 
differs fo little in manner from that of the ufual vertical 

fe<5tions, 



the mean Benjity of the Earth. jt$ 

fe&ions, that an example of it is unneceffary: and the 
few horizontal fe£kions need no computation, but only ail 
allowance for the height of the theodolite. 

In the following abftrail of the refults of the compu- 
tation of the feftions, the firft column Contains the num- 
ber of the pole, the lecond and third the vertical and 
horizontal angles, and the lalt the difference of altitude in 
feet, between the foot of each pole and the point from 
whence the vertical angles were obferved, after making 
the allowance for the height of the theodolite above the 
ground. At the end of this abftra<St is a plate of the 
figures referring to the number of the fe&ion, fhewing 
the direction in which it was carried, with the degrees 
and minutes in the angle formed by it and the bafe 
line. 



s & c* 
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\ 


SECTION 


i« 




/ 


6*7 36 


* 










10 


15 *2f 


^97*...l 


Pole 


Vert. ^.'s 
at s» 


Bearings 
at r. 


Dirt of 
Ait. 


II 


l6 24 


68 45 


■»»fa* 




6 / 


/ 




12 


n 45 


70 <> 


,1302 


1 I 


5 i6|d 


10 


l8 D 


13 


18 45 


71 3 


H67 


2 


O 30 E 


3 1 35 


12 A 


14 


*9 35 


7* 571 


1625 


3 


4 15 
6 hJ 


4* j6 


99 

*85 


15 


19 59 


7^ 34 


1726' 


4 


49 2 5 




■ 






5 


8 16 


55 5i| 


3°7 




SECTION 


3- 


6 


10 13 


59 571 


444 


Pole. 


Vert. /.'s 


Bearings 


Dir. of 


7 


1* 37 


62 s^i 


m 




at s. 


at r. 


Ak.' 


8 


12 25 


65 3l 


673 


1 


3 27 D 


/ 
19 11 


ag.-«fi 


9 


13 2I 


66 4 i| 


782 


2 


2 36 E 


30 24 


51 A 


10 


14 10 


67 36! 


869 


3 


4 33 


38 28 


122 


ii 


15 J 7 


68 42I 


994 


4 


6 12 


44 10 


213 


12 


17 46 


7° 5* 


'3*5 


5 


7 5* 


47 55 


35* 


i3 


*9 33 


72 48 


1623 


6 


10 38 


51 a* 


5*4 


'4 


20 6 


74 30 


1866 


7 
8 


12 20 

13 46 


53 9 

54 43 


66S 
818 












SECT 


ION 


2. 








: 










9 


15 43 


56 21 


IO38 


Pole. 


Vert. z.'s 
at s. 


Bearings 
at r. 


Diff. of 

Alt. 


10 


i7 35 


57 47 


I283 




/ 


'z 
20 46 




11 


18 


5858 


427 


i 


3 4O D 


30 D 










2 


I 26 E 


32 42 


28 A 




SECT 


ION . 


*• 


3 


4 20 


42 8 


IO3 


Pole. 


Vert. L's 


Bearings 


Diff. of 


4 


6 21 


49 30 


I92 




at R. 


at s. 


Alt. 


5 


9S8| 


59 « 


429 


1 


7 4* » 


L 

13 8 


39 


6 


11 5°f 


62 30 


591 


2 


I 2 E 


3* 35 


19 A 


7 


12 52 


65 2 


721 


3 


4 4 


40 24 


80 


8 


13 22 


65 5i 


780 


4 


5 36 


48 36 


137 


9 


»3 sH 


66 9 


806 


5 


6 55 


S6S6 


215 
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727 



6 
7 


i 
9 IO 

9 *3 


b / 
62 36 

68 12 


337 
4i5 


Pole. 


SECT 

Vert, ^l's 
at x. 


ION 

Bearings 
at s. 


6. 

Diff. of 
Alt. 


8 


10 17 


7o 33 


495 




/ 


# 




9 


11 18 


74 


623 


1 


9 l6 D 


" 43 


80 


10 


13 2 


76 3 


785 


2 


4 46 D 


16 51 


60 D 


XI 


*3 37 


/6 47 


848 


3 


I IO E 


23 50 


28 A 


12 


H 30 


77 45 


946 


4 


4 5* 


30 a 


137 


13 


*5 3 


78 58 


1 042 


5 


6 6 


33 H 


I96 


14 


16 15 


80 11 


1200 


6 


7 32 


37 25 


287 


15 


17 24 


81 13 


1362 


7 


9 30 


40 24 


4O9 


16 


18 32 


82 5 


15*8 


8 


11 15 


43 l2 


546 


17 


19 29 


82 59 


1699 


9 


12 22 


45 18 


656 


18 


20 7 


83 30 


1812 


10 
11 


*3 35 
15 19 


47 9 

48 54 


782 










955 


Pole. 


SECT 

Vert. Z.'s 

at s. 


ION 

Bearings 
at x. 


5- 

Diff. of 
Alt. 


12 
*3 


16 29 

17 8 


5° J 2 
5i 1 


1093 
1171 


1 


'c 

3 46 *> 


/ 
15 


38 & 


»4 


17 27 


5i 48 


1248 










2 


O 14 £ 


24 23 


9 a 




SECT 


ION 


7- 


3 


2 l6 


3 6 H 


60 


Pole. 


Vert. zlV 


Bearings 


Diff. of 


4 


3 *9 


46 5 


112 




at x. 


at s* 


Alt. 


5 


4 21 


54 24 


163 


1 


1 3° D 


9 3° 


60 D 


6 


5 48 


63 5S 


258 


2 


1 49 


*5 52 


24 


7 


7 ^ 


71 30 


361 


3 


2 5 E 


20 49 


52 A 


8 


9 3 


76 30 


513 


4 


4 3° 


24 48 


135 


9 


11 25 


81 18 


720 


5 


5 4i 


28 23 


208 


10 


12 55 


84 16 


874 


6 


7 *3 


30 27 


297 


11 


*3 54 


87 22 


1017 


7 


8 14 


32 29 


380 


12 


14 5i 


90 30 


1182 


8 


9 24 


33 4i 


465 


13 


*5 9 ... 


? 3 , ° 


1295 


9 


10 26 


tf ?,. 


558 



IO 
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10 

II 

12 

l 3 



Pole, 
i 

2 

3 
4 
5 
6 

7 
8 

9 
io 
ii 

12 
*3 

H 



11 41 

12 36 

13 3 1 
13 46 
13 S^ 



36 21 

37 IS 

38 17 

39 3° 

40 17 



678 

773 
885 

973 
1036 



SECTION 8. 



Vert, ^'s 
at A. 

i°7 56-jD 
10 I2| 

5 4i 

2 25 

29 

1 12 E 

3 © 

5 ° 

6 18 

7 2 

8 52 
10 10 
ii 24 

12 20| 



Bearings 
at b. 

37 12 
41 5° 
44 48 
47 2 

49 6 
51 o 



52 35i 


54 44| 


55 SH 


56 471 


57 24 


57 551 


58 28 


[5858 



Diff. of 
Alt. 

516 D 

359 
229 

107 
20 
74 a 

198 

378 

520 

620 

821 

986 
1 160 
1316 



N.B. The place of this lafl pole 
would feem to be the fame as n the 
Weftern cairn, as the fe&ion was di- 
rected through it. But then the laft 
number 13 10 is too great; as, from 
! all the other meafures, the diff. in alt. 



between a and n is only 1303 feet. 
1 his diff. of 13 feet feems to be caufed 
by the laft bearing being about 7' too 
great, for in other places this angle is 
only 58 $i\ And indeed many other 
angles taken at the fame time with the 
above feem to be much wrong, as they 
greatly differ from correfponding ones 
taken at other times. 

Such differences among correfpond- 
ing angles I often met with in the 
meafures contained in the books of the 
furvey, and it required much care to 
dete£t them, and trouble to reconcile 
them. 



Pole, 

1 
2 

3 
4 
5 
6 

7 
8 

9 
10 
11 
12 
13 
H 



SECTION 9. 

Bearings 
at a. 



132 2*f 
130 27 
127 26 
124 2 si 

119 H 
in 37 

103 451 
95 25 
85 55 
78 2| 

73 14 
7* 4if 
70 38* 
*>9 39 



Bearings 
at B. 

o / 

3 6 45* 

37 34i 

39 8 

40 18 

43 19 
48 7 

52 58 
58 50 J 
67 54 
75 5H 
82 30 
86 21 

89 33 
92 23 



ti o 

-O O 

rt *S 

3 O 

§£ 



^•5 



o ^ 

£ « *J 

-§'!'§. 

* g ** 



(A 



*>S 



.2 o-3 

*rf til n* 
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SECTION IO. 


*3 


9 44 


76 12$ 


"TttJ 


Pole. 
1 


Vert. z.'s 


Bearings 


Diff. of 


14 


9 53 


76 34 


1258 


at a. 
/ 

19 41 D 


at B, 

a 1 
51 12 


Alt. 
53 1 D 


*5 


10 38 


76 55i 


H43 




















SECTION 12. 


2 


*3 5* 


57 *2f 


426 










3 


'8 7i 


62 56 


295 


Pole. 


Bearings 
at D. 


Bearings 
at c. 


a 
q 


4 


■2 30 


68 47 


106 




• 


/ 




5 


59 


73 55! 


47 


1 


68 i 4 | 


102 6 


<D GS 

•S'o 


6 


O 22|E 


76 52 


27 A 


2 


71 16 


98 23 


a, 


7 


59 


79 *4z 


70 


3 


73 55 


94 56 


t! 


8 


1 39 


8i 7 


I24 


4 


79 


89 33 




9 


2 25 


82 42 


I94 


5 


85 28 


82 49 




10 


3 5 


84 12 


266 


6 


91 19 


76 48 




11 


3 36 


85 44 


338 


7 


97 5 


71 8 


.2 "w 


12 


3 48 


86 27 


373 


8 


102 21 


66 20 












9 


108 iB 


60 36 


£l 












S E C T I 


ON I 


I. 


10 


IX 3 33 


56 15 


J bo 
^.3 


Pole. 


Vert. z.'s 
at d. 


Bearings 
at c. 


Diff. of 

Alt. 


1 1 


117 12 


53 n 


0-JQ 

J3 




f 


/ 




12 


119 16 


52 4 


3 


1 


12 56 D 


48 18 
62 4 


23I D 


l 3 


IX 9 53 


52 1 


W 


2 


9 5° 


334 








, 


3 


5 i5 


67 9 


242 




S E.CTI 


ON I 


3- 


4 


2 25 


6 9 5*1 


*35 


Pole. 


Vert, ^'s 
at g. 


Bearings 
at f. 


Diff. of 

Ait. 


5 


O 59 E 


71 20 


70 A 










6 


3 


72 13 


220 


I 


3 7 d 


75 2 


92 D 


7 


4 3* 


73 9 


3^ 


2 


12 


79 46 


% 


8 


6 7 


73 53 


533 


3 


4 I E 


91 55 


221 A 


9 


6 59 


74 27 


652 


4 


6 8 


95 


385 


10 


7 53 


74 52 


777 


5 


7 49 


9 6 34 


530 


11 


8 49 


75 9! 


904 


6 


9 50 


99 27 


789 


12 


9 27 


75 42 


1048 


7 


10 52 


100 10 


9i5 



Vol.. LXV1II. 



4 X 



730 Mr. hutton's Calculations to af certain 



8 

9 
io 

ii 

12 

i3 



Pole, 
i 

2 

3 

4 

5 
6 

7 
8 

9 
io 

ii 



ii 52 

12 52 

13 5 6 

14 49 
16 10 
16 45 
16 55 





100 


44 


101 


*5 


101 


49 


102 


20 


IO3 


3 


IO3 


27 


i@4 


20 



1040 
1172 

1327 
1472 

1710 
2013 



Pole, 

1 
2 

3 

4 



SECT 

Vert. z.'s 
at G. 

o / 

2 3 E 

* 35 

3 52 

5 58 

6 25 
8 31 

10 14 

11 29 

12 30 

13 4 
13 i4 



IO N 14. 



Bearings 


at f. 


9°7 5 


99 14 


109 39 


i*7 53 


119 8 


120 34 


121 51 


122 41 


J 23 34 


124 15 


124 41 



DifT. of 
Ait. 

73 A 
95 
182 

384 

440 

6 33 
827 

985 
1 149 
1272 
*339 



SECTION 15. 



Vert. jL\ 
at g. 


Bearings 
at h. 


'a 
9 46 D 


/ 
14 14 


3 3 2 


2 3 9 


45 


3* 7 


1 43 * 


36 15 



Diff. of 
Alt. 

172 D 
I02 

27 

94 A 



9 

10 

II 

12 

l 3 



Pole. 

1 
2 
3 
4 
5 
6 

7 
8 

9 

10 
11 
12 

H 
15 



6 27 

8 10 

9 10 
10 39 

12 o 

13 24 

14 o 

14 18 

14 21 



45 o 
47 32 
49 47 
5 1 37 
S3 3 6 
55 38 

57 18 

58 37 
5858 



465 

642 

781 

970 

1177 

1422 

1584 

1704 

1734 



SECTION l6. 



Vert. L's 

at h. 

o / 

7 22 D 

6 II 

4 1 
o 9 

t 43 E 
3 35 

5 H 

6 49 

8 1 

8 41 

9 18 
10 o 

10 44 

11 31 
13 8 



Bearings 
at g. 

a / 

21 37 
34 32 
43 23 
48 20 

54 38 
60 8 
65 8 
7° *3 
73 J 9 
76 39 
78 38 
80 22 

82 o 

83 24 

84 43 



DIE of 

Alt. 

189 D 

248 

201 

4 

119 A 

275 

446 

(>53 
828 

977 
1 104 
1246 
H03 

1572 
1874 



There feems to be fome general error in this fec- 
tion, as the deprefiions and altitudes are utterly in- 
compatible with thofe of all the other ncighbour- 
ing points m the plan. 
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SECTION 17. 



Pole. 

i 
2 
3 
4 
5 
6 

7 
8 

9 
I 10 
11 
12 
i3 
14 
IS 
16 



Pole, 

1 
2 

3 

4 

5 

6 

7 



Vert. z.'s 
at h. 


Bearings 
at g. 


/ 

12 15 D 


16 13 


7 " 


25 6 


4 19 


33 3 


1 49 


38 20 


I 59 E 


45 24 


3 38 


5° 3 


5 10 


53 33 


7 10 


57 3 


8 17 


60 46 


8 45 


62 58 


9 53 


66 56 


10 24 


69 


10 45 


70 35 


n 31 


72 15 


12 10 


73 55 


12 31 


75 7 



DifF. of 
Ait. 

242 D 

216 

171 
82 

II9 A 

243 

377 
572 

73 * 

820 
1038 
1161 
1260 
1424 

1590 
1703 



SECTION l8. 



Vert. z.'s 
atH. 

O I 

13 35 x> 
9 *7§ 
5 21 

2 4 

I 23 E 

3 37 
5 25 



Bearings 
at w. 

o / 

21 4O 

43 2 8 
55 3 
63 8 
69 50 

73 24 
76 o 



DifT. of 
Alt. 

186 D 
263 
203 
95 

84 A 
238 
386 



8 

9 

10 
11 
12 
*3 



Pole 

1 
2 

3 

4 

5 
6 

7 
8 

9 
10 



6 55 

8 33 

9 28 

9 38 

9 53 

10 24 

11 2 





78 


7 


81 


x 3 


88 


4 


89 


10 


89 58 


90 33 


9 1 


10 



531 

737 
1 108 
1201 
1290 
1407 
1552 



SECTION 19. 



Vert. z.*s 
at w. 


Bearings 
at l. 


/ 
18 8 D 


/ 
14 5i 


16 28 


31 38 


n 53 


39 42 


7 47 


42 48 


4 11 


46 12 


2 10 


48 6 


31 


5° i 6 


2 24 E 


52 45 


5 55 


54 48 


8 48 


56 3° 



DifF. of 
Alt. 

168 D 
388 

394 
292 
180 
100 

23 

I48 A 

402 
657 



SECTION 20. 



Pole, 

1 

2 

3 
4 
5 



Vert. z.'s 
at w. 


Bearings 
at l. 


/ 
22 45 D 


/ 
7 37 


19 


16 20 


18 41 


31 8 


14 20 


41 54 


9 4i 


48 4 



DifF. of 

Alt. 

98 D 
179 

3 6 7 
412 

34i 
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6 

7 
8 

9 

io 



3 3* 

o 55 e 

4 4 
6 45 



54 6 
56 50 
60 .7 
62 5a 
66 2 



155 
57 
55 ^ 

257 

487 



SEC T I N 21. 



Pole, 
1 

2 

3 
4 
5 
6 

7 
8 

9 



Pole; 

1 

2 
3 
4 
5 
6 

7 
8 j 



Vert. z.'s 
at l. 


Bearings 
at w. 


23 59 D 


2°I 18 


19 2 5 


33 J 2 


14 37 


48 26 


10 5 


56 7 


5 9 


62 51 


1 2 


69 24 


2 2 E 


71 36 


4 22 


73 2 


6 6 


75 22 



Diff. of 
Alt. 

295 D 

377 
448 

3*3 

237 

56 

*33 a 
297 
455 



S E C'T ION 22, 



Vert. z.'s 
at a. 

7 16 D 

2 49 E 

3 33 

4 18 

7 o 

9 1 
10 26 
12 19 



Bearings 
at b. 

O J 

5 2 

10 20 

15 13 
29 34 
32 15 
35 3 
38 52 
4146 



Diff. of 

Alt. 

20 D 

25 A 

44 
120 
222 
33i 
47i 
657 



9 
10 



14 40 

14 45 top 
of E. cairn. 



43 34 
43 35- 



874 
874 



SECTION 23, 



Pole. 

I 
2 

3 
4 
5 
6 

7 
8 



Pole. 

1 
2 

3 
4 
5 
6 

7 
8 

9 

10 



fert. z.'s 
at a. 


Bearings 
at b. 


t 

15 2 D 


/ 
4 33 


5 r 


15 15 


ia 


35 37 


3 7 * 


4i 53 


6 43 


42 34 


7 3 6 


43 30 


9 50 


45 48 


11 35 


59 5 



Diff. of 
Alt. 

34 d 
4 
o 

97 a 

209 

244 
342 
664 



SECTION 24. 

I Vert, ^.Yl Bearings Diff. of 

at b. at a. Alt. 

I o. / 

3 s 27 D IO* 29 29 D 

O 32 E 21 9 12 A 

2 58 32 57 64 

4 40 58 53 i33 

5 14 76 22 173 

6 24 121 5 340 

7 50 125 12 448 

8 27 130 23 546 
8 55 , *34 57 664 
961 136 15 712 
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SECTION 2,5. 




/ 


s 






6 


2 20 


42 15 


69 


Pole. 


Vert. z.*s 
at & 


Bearings 
at*; 


Diff. of 
Alt. 


7 


4 50 


37 30 


122 




/ 


t 




8 


18 52 


6 12 


65 


1 


IS 39 » 


8 14 


74 © 










2 


r 47 £ 


52 24 


54 a 




S E C T I O N 28. 


3 


3 9 


63 l 3 


i*S 


Pole. 


Vert, z.'s 


Bearings 


Diff. of 


4 


5 5 r 


70 37 


248 




at t. 


at v. 


Alt. 


5 


9 « 


81 35 


5oS 


1 


10 23 D 


i°6 30 


142 D 


6 


11 21 


85 ID 


691 


2 


9 26 


23 56 


195 


7 


12 44 


8-7 45 


802 


3 

4 


5 23 
4 14 


28 45 
32 24 


I36 
I20 


SECTION 26. 












5 


2 42 


37 46 


96 


Pole. 


Vert, ^l's 
it k 


Bearings 
at a* 


Diff. of 
Alt. 


6 


1 34 


41 20 


62 




/ 


A 




7 


35i 


45 24 


24 


i 


17 S3 * 


6 35 


64 D 


8 


1 30 E 


48 52 


89 A 


2 


26 


48 5 


9 


9 


3. 3° 


5i 4 


220 


3 


2 I A 


60 8 


93 A 


10 


4 20 


54 22 


307 


4 


3 4 


62 45 


151 


11 


4 49 


56 11 


367 


S 


4 40 


66 is 


256 


12 


5 15 


5841 


443 


6 


6 20 


68 29 


374 


13 


6 


60 4 


537 


7 


8 10 


7i 57 


55° 


14 
15 


6 47 

7 24 


62 4 

63 33 


664 
778 


SECTION 27. 




16 


8 16 


64 46 


924 


Pole. 
1 


Vert. z.'s 
at b. 

/ 

4 30 E 


Bearings 

at a. 

/ 

59 a 5 


Dift. ot 
Ait. 

28o A 


i7 


8 46 


65 44 i 


1030 




S E C'T I 


ON 2 


9- 


2 


3 33 


57 12 


* 204 


Pole. 


Vert. z.'s 
at t. 


Bearings 
at v. 


Diff. of 

Ait. 


3 


1 47 


54 11 


92 




/ 


j 




4 


O 10 D 


5o 15 


3 D 


X 


8 49 D 


26 9 


l8 : 2 D 


5 


I 22 


46 54 


47. 


2 


6 51 1 


► 39 7 


16.3 
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3 


I o / 

4 27 


3« 45 


140 


*3 


8 3 


/ 
29 13 


«43 


4 


2 55 


44 


106 


H 


10 2 


21 54 


170 


5 


i 3° 


49 34 


62 








6 


O 10 


52 56 


3 








7 


O. 42 E 


55 55 


42 A 








8 


2 12 


58 28 


132 








9 


3 3 


60 $8 


«9S 




SECTION 31. 


. IQ 

ii 

12 


3 3 6 

4 4 
4 8 


63 32 
66 16 
68 28 


247 
3°3 
33i 


Pole. 


Vert. z.'s 
at Y. 
/ 


Bearings 
at v. 
/ 


Diff. of 

Alt. 


l 3 


4 27 


70 9 


377 


1 


II l8 D 


10 40 


132 D 


H 


5 


7* 54 


450 


2 


5 29 


*S 43 


93 


i| 


5 7 1 


74 23 1 506 


3 


2 56 


l 9 13 


60 








4 


I 42 


22 49 


40 




S E C T I 


O N 30. 


5 


O 42 


28 23 


20 


Pole. 


Vert. Z.'s 
at t. 


Bearings 
at v. 


Diff. of 
Alt. 


6 
7 


O 16 
O 30 E 


3i 43 
36 10 


5 

28 A 


i 


3 26 E 


8°i 


353 A 


8 


1 33 


40 41 


90 


2 


3 l0 


79 53 


3*3 


9 


2 13 


45 


I46 


3 


2 55 


77 7 


263 


10 


2 41 


47 18 


I90 


4 


2 46 


75 2 


233 


11 


2 54 


5o 47 


23I 


5 


2 35 


72 45 


204 


12 


3 l 3 


53 J 2 


278 


6 


2 26 


70 16 


179 


13 


3 39 


56 


349 


7 


1 20 


66 28 


9i 


H 


4 53 


58 51 


519 


8 


19 


62 32 


**3 


^5 


5 42 


60 38 


650 


9 


O49 D 


57 58 


31 D 


16 


6 


62 8 


728 


IO 


2 33 


5i 54 


107 


17 


6 27 


63 23 


825 


n 


4 23 


43 37 


I5 1 


18 


6 41 


64 21 


892 


12 


6 21 


45 48 


, 176 


19 1 


65s 1 


% 50 


988 , 



the mean Denjity of the Earth. 



735 



Pole. 
I 


S E C T I 

Vert, /.'s 
at y. 

O A 

7 9 e 


ON 3 

Bearings 

at v. 

51 46 


2. 

Diff. of 
Alt. 

8l2 A 


9 
10 
11 
12 


/ 

28 E 

1 4O 

2 22 
2 25 


t 
65 38 

7i ^5 

77 3 
87 12 


38 A 

132 
197 

226 


2 

3 
4 


6 55 

6 7 
5 ° 


50 50 

49 45 
46 51 


751 
631 

452 


l 3 


2 32 


93 33 


257 ! 




section ; 


?4- 


5 
6 


4 2 5 
3 2 9 


45 3°* 
43 37 


377 

275 


Pole. 


1 Vert. Z.'s 
at t. 
/ 


Bearings 

at z. 

/ 


DifF. of 
Alt. 


7 


3 5 


40 32 


214 


1 


4 43 E 


H 3 


471 A 


8 


2 17 


38 26 


146 


2 


4 8 


79 45 


386 


9 


I 21 


35 57 


80 


3 


3 3 1 


76 


311= 


IO 


52 


33 


47 


4 


2 45 


71 30 


229 


ii 


3 


29 47 


7 


5 


2 


66 22 


156 


12 


I 3 D 


26 24 


33 r> 


6 


1 8 


60 49 


84 


x 3 


2 3 


23 40 


60 


7 


19 


53 2° 


25 


14 


3 21 


18 30 


73 


8 


55 * 


46 47 


46 D 


i5 


7 54 


13 4 


121 


9 
10 


1 29 
1 59 
3 4* 


40 15 
34 52 
26 15 


69 

83 
127 




SECT] 


[on : 


53- 


11 


Pole. 


Vert. 2L's 


Bearings 


DifF. of 


12 


5 27 


21 55 


165 


at t. 


at z. 


Alt. 


!3 


6 


17 16 


150 


I 


/ 
13 6 D 


'a 

4 6 


108 D 


14 


9 5 


9 56 


H3 


2 

3 

4 
S 


9 *S 
7 32 
S""> 

3 55 


8 4 

14 S3 

21 28 

26 54 


"39 
187 
167 
148 


15 


14 6 


4 32 


109 


Pole. 


SECT 

Vert. z.'s 
at T. 


ION 

Bearings 
at z. 


35- 

DifF. of 
Alt. 


6 

7 
1 8 


2 36 
1 30 
40 


36 19 

45 3* 

56 s 


119 

78 
37 


- 


C 
15 16 D 

9 3 6 


i 5 8 
5 3 


86 d 
126 



736 Mr. hutton's CaktifaUom to afcertaht 



3 


o / 
8 21 


8 5 


162 




SECTION 


37- 


4 


7 34 


1a 54 


208 


Pole 


Vert, ^'s 


Bearings 


Diff. of 


5 


5 3§ 


17 50 


191 


at u. 


at z, 


Alt. 


6 

7 


4 21 
3 I2 


22 48 
3 % ~& 


170 

*$3 


1 

2 


/ 
3 53 e 

3 27 


/ 
63 5° 
60 54 


'345 A 
286 


8 
9 

10 

ii 

12 
l 3 


2 31 
1 42 
1 10 
52 
30 
14 


41 54 
54 12 
64 26 
75 48 
86 54 
1 94 17 


13S 
103 

76 

61 

36 

i5 


3 

4 
5 
6 

1 


1 51 

16 

1 14 D 

2 53 

4 45 
6 25 


57 45 
54 3 
50 40 
47 28 
43 
3 8 49 


*5o 

2 3 
74 d 

166 

247 
300 










9 

10 


8 40 
12 6 


33 H 
28 25 


348 
420 












SECT] 


[ON I 


56. 


11 


16 36 t 


23 43 


419 


Pole. 


Vert. JL 9 9 

at u. j 


Bearings 
at ~z* 


Diff. of 

Alt. 














i 
2 


/ 

17 42 D 

IS 55 


/ 

2 45 

22 26 


60 D 
465 




SECTION 38. 


3 

4 


12 39 
851 


25 13 
29 37 


404 

333 


Pole. 


Vert. £*$ 1 
at u. 


Bearings 
at z. 


Diff. of 
Alt. 


5 


7 23 


33 36 


3*8 


1 


1 5 9 D 


20 37 


405 D 


6 


3 5i 


40 33 


205 


2 


11 30 


3i 39 


438 


7 


i 22 


44 45 


80 


3 


9 23 


36 7 


398 


8 


I 3 JB 


48 26 


77 A 


4 


6 46 


40 30 


3H 


9 


2 54 


5° 52 


218 


5 


5 27 


46 10 


283 


IO 


4 22 


5* 45 


347 


6 


3 32 


52 5 


204 


ii 


5 37 


54 4° 


47i 


7 


2 49 


55 9 


171 


12 


6 30 


55 3° 


559 


8 


1 49 


61 25 


122 



the mean Benfity of the "Earth* 



737 



SECTION 39. 



lip 


Vert. z.'s 




at u. 


I 


/ 

4 28 D 


2 


5 35 


3 


6 30 


4 


8 9 


S 


10 32 


6 


12 47 


7 


13 47 



Bearings 
at z. 

o / 

69 7 

59 8 

5* 3 

45 25 

3 8 3° 

34 3 

29 27 



Diff. of 
Alt. 

312 D 

345 
366 

418 

485 

544 

53* 



SECTION 40. 



Pole. 

1 

2 

3 

4 
5 
6 



Vert, z/s 
at p. 

o / 

8 45 d 

8 46 

9 58 
8 38 

7 6 

S 23 



Bearings 
at p. 


9 J 5 


16 25 


27 16 


3° 52 


34 3° 


37 55 



Diff. of 
Alt. 

735 d 

75o 

906 

804 

681 

533 



SECTION 41. 



Pole. 

1 
2 

3 
4 
5 
6 



Vert. z.'s 
at o. 

o / 

10 41 D 

11 31 

8 52 
5 38 
4 52 
4 6 



Bearings 


at a. 


/ 


a.3 33 


3 2 3 6 


37 *3 


44 24 


46 39 


5i 8 



Diff. of 
Alt. 

510 D 

769 

682 

524 

480 

455 



7 


/ 
2 8 


/ 
56 26 


269 


8 


I 21 


58 30 


178 


9 


57 


59 53 


129 


10 


43 


62 21 


*03 


11 


40 


64 35 


102 


12 


5 


68 41 


10 


13 


O 10 E 


69 43 


36 A 


14 


O 32 


71 20 


IO9 




SECTION 4 


.2. 


Pole. 


Vert. z.'s 
at m. 


Bearings 
ats. 


Diff. of 
Alt. 


1 


/ 

O 17 D 


7°3 48 





2 


3 25 E 


80 57 


72 A 


3 


4 52 


85 4 


126 


4 


6 52 


88 53 


232 


5 


8 33 


90 25 


332 


6 


10 2 


9* 34 


439 


7 


11 44 


93 ° 


610 


8 


13 7 


94 


787 


9 


15 10 


94 34 


1 002 


10 


17 21 


95 13 


1292 


11 


18 38 


95 37 


1506 


12 


19 36 


96 2 


1736 


i3 


19 38 


96 


1727 




S E C T I 


ON l 


I-3- 


Pole. 


Vert. Z.'s 
at 0. 


Bearings 
at A. 


Diff. of 
Alt. 


I 


/ 

12 3 D 


1 
3 1 52 


759 D 


2 


10 54 


36 42 


776 



Vol. LXVIII. 



4 Y 



738 Mr . h utton's Calculations to af certain 



3 


> 
8 58 


* 

41 8 


705 


4 


/ 

8 E 


/ 
42 19 


l6 A 


4 


7 2 


46 9 


614 


5- 


4 38 


49 48 


5*7 


5 


5 35 


49 34 


521 


6 


5 12 


50 45 


598 


6 


3 33 


58 6 


389 


7 


5 58 


52 13 


721 


7 


2 5a 


62 38. 


34* 


8 


6 37 


54 58 


87S 


8 


2 14 


67 2Q 


29O 


9 


7 18 


56 7 


ico8 


9 


! 212- 


85 34 


421 


10 


7 22 


5 6 39 1 


1Q37 



SECTION 44. 



Pole. 

1 
2 

3 
4 
5 
6 

7 
8 

9 
10 



Vert. z.'s 
at R. 

'/ 

3 41 D 

1 18 

O 51 E 

o 52 
i 4 

2 3 

3 6 

4 38 

5 H 
5' 4 1 

6 28' 



Bearings 
at s. 

o / 

6 37 

10 10 

11 21 

12 20 
16 25 

16 52 

17 27 

18 o 
18 6 
18 11 
18 27 



Diff. of 
Alt. 

32 D 
21 
25 A 

30 

70 

H3 
243 
413 
478 

53° 
647 



SECTION 45. 



Pole. 
1 

2 

3 



Vert. Z.'s 
at A. 


Bearings 
at R. 


2 15 i> 


7 
3° *4 


% 


3i 57 


I 22 1 


38 35 



Diff. of 

Alt. 

122 D 
ll6 

IOO 





SECTION 46 • 


Pole, 


Vert. z. 's 
at d. 


Bearings 
at c. 


Diff. of 
Alt. 


1 


8 50 d 


/ 
96 20 


201 D 


2 


7 24 


in 4 


260 


3 


6 36 


114 46 


272 


4 


6 9 


116 22 


275 


5 


5 24" 


119 44 


298 


6 


5 4 


121 17 


3*5 


7 


4 16 


122 24- 


292 


8 


3 27 


*23 13 


255 


9 


2 23 


124 17 


197 


10 


1 17 


124 55 


"3 


11, 


O 44 E 


125 50 


82 A 


12 j 


I 17 


126 8 


146 



Pole 

1 

2 
3 



S E C T I 

Vert. jL's 

at T. 

o / 
10 42 D 

6 6 

3 J 9 



O N 

Bearings 
at v. 

O i 

17 45* 

28 4 a 

3 8 3Q 



47- 



Diff. of 
Alt. 

152 D 

HS 
in 



the mean Denjity of the Earth. 



739 





/ 


/ 






/ 


«° ' 


1 


4- 


2 4 


43 5 


79 


*5 


8 52 


80 32 


H35 


5 

6 


o 44 
o 30 E 


47 48 
49 46 


30 

30 A 


16 


9 6 


82 53 


1641 
















SECTION 4.Q. 


7 


2 2-S 


52 45 


143 




. 






8. 


3 2 4 


54 21 


205 


Pole. 


Vert, /.'s 
at T. 


Bearings 
ate. 


DifT. of 

Alt. 


9 


4 39 


59 ° 


335 




L 


/ 




IO 


4 £4 


62 16 


387 


1 


11 56 D 


16 58 


83 » 


n 


5 57 


64 50 


5i7 


2 


9 12 


3S 25 


120 


12 


6 16. 


65 38 


562 


3 


8 14 


64 20 


190 


*3 


6 50 


67 39 


666 


4 


8 12 


80 


250 


H 


7 " 


69 40 


764 


5 


5 55 


92 52 


234 










6 


4 14 


98 36 


x 93 












SECT] 


[ON ^ 


.8. 


7 


1 58 


103 12 


101 


Pole. 


Vert. z.'s 
at v. 


Bearings 
at Y, 


DirT, of 
Alt. 


8 
9 


34 E 

1 20 


106 12 
108 26 


39 
92 


i 


9 D 


/ 
17 3 


164 D 


10 


a 15 


109 6 


157 


2 


7 


30 56 


236 


11 


3.7 


"o 35 


230 


3 

4 


3 22 
1 16 


44 36 
47 23 


170 

66 


12 


3 49i 


111 48 


300 






5 


5 


49 52 







SECTION 50. 


6 


2 46 E 


58 6 


214 A 


Pole. 


Vert. z.'s 


Bearings 


• biff. : of 


7 


4 57 


64 34 


457 




atL. 


at w v 


Alt. 


8 


5 53 * 


67 2 


585 


1 


17 46 D 


/ 
10 52 


226 D 


9 


6 2* 


70 8 


696 


2 


17 2 


*3 33 


296 


IO 


6 30 


72 34 


772 


3 


H 5i 


16 a 


333 


ii 


6 34 


75 13 


857 


4 


10 47 


20 13 


3&3 


12 


7 4i 


77 33 


1097 


5 


9 26 


23 


418 


i3 


8 39 


79 6 


1316 


6 


8 $4 


24 31 


466 - 


H. 


8 46 


79 34 


1361 


7 


8 7 


26 16 


< 508 



4 Y a 



74° Mr* hutton's Calculations to a/certain 



8 


7 8 


/ 
27 23 


507 


4 


'z 

7 6 


108 57 


728 


9 


6 17 


28 27 


5®7 


5 


8 4 


in 38 


863 


IO 


4 55 


29 28 


45i 


6 


B 37 


112 58 


943 


ii 


4 3° 


30 12 


490 


7 


9 19 


"5 56 


1075 


12 


3 5i 


3° 55 


433 


8 


10 8 


118 30 


1230 


J 3 


3 ^ 


31 *5 


357 


9 


10 57 


120 40 


*393 


x 4 


2 35 


.31 29 


3*5 


10 
11 
12 
l 3 


11 30 

12 22 

13 4o 

14 3 


122 30 
124 50 

127 12 

128 13 


1528 

1748 

2075 
2205 


Pole. 


SECT 

! Vert. z.'s 
at f. 


[ON 

Bearings 
at f'. 


51. 

Diff. of 
Alt. 




/ 


/ 




H 


14 7 


128 32 2239 


i 


14 37 s 


3 57 


73 D 








2 

3 


2 56 
1 43 


44 8 
48 47 


140 
90 














4 


1 3 


55 5 


61 




SECTION 53. 


5 

6 


1 

41 


60 58 
67 26 


65 

50 


Pole. 


Vert. z.'s 

atF'. 


Bearings 
at f. 


DiC of 
Alt. 


7 


23 


74 28. 


3* 


1 


/ 
3 ll E 


H 3 


208 A 


8 


O 25 E 


82 


52 A 


2 


5 9 


71 24 


3 6 6 


9 


1 53 


*3 4« 


225 


3 


5 58 


75 50 


448 


IO 


3 17 


87 


423 


4 


6 14 


84 12 


522 


ii 


3 3* 


87 28 1 


461 


5 
6 


851 

9 © 


91 23 

97 47 


821 
924 


* 








SECTION 5 


2. 


7 


10 7 


99 40 


1074 


Pole. 


Vert. jL\ 
atF'. 


Bearings 
atF. 


DirT. of 
Alt, 


8 
9 


11 2 

11 45 


102 S3 
104 44 


I236 

l 37S 


i 


£. 

2 48. E 


68 4^1 


187 A 


10 


12 6 


106 28 


1469 


2 


3 5° 


83 


282 1 


11 


1243 
« 55. 1 


108 24 


1612 J 


3 


6 45 


102 a 


6 39 1 


» 


109 18 


i6£3 I 



6 



tbe mean Denjity of the Eartb. 



74i 



1 


SECTION 54. 




SECTION 56. 


Pole. 


Vert. Ah 
at t', 


Bearings 
atF'. 


Diff. of 
Alt. 


Pole. 


Vert. Ah 
at t'. 


Bearings 
atF'. 


Diff. of 

Alt. 


1 


/ 
O 22 £ 


/ 
14 7 


12 A 


1 


/ 

3 II E 


/ 
9 4 


41 A 


2 


I 27 


20 5 


44 


2 


4 27 


16 21 


97 


3 


5 13 


39 * 


241 


3 


7 i5 


21 33 


205 


4 


5 46 


45 18 


299 


4 


9 12 


27 


33 l 


5 


6 9 


55 40 


379 


5 


10 30 


2 9 15 


414 


6 


6 38 


62 


45 1 


6 


11 18 


3 1 H 


480 


7 


7 11 


70 8 


553 


7 


11 26 


35 39 


569 


8 


7 3° 


7856 


662 


8 


12 21 


38 50 


686 


9 


7 48 


84 3° 


755 


9 


12 42 


4i 44 


777 


10 


7 So 


94 8 


908 


10 


13 18 


44 21 


887 


n 


7 54 
7 58 


98 26 
100 58 


1006 

1077 


11 


13 32 


46 36 


971 


12 


Pole. 
1 


SECTI 

Vert. Ah 
atk. 
/ 
7 51 * 


ON 5 

Bearings 
att*. 

/ 
*9 43 


7- 

Diff. of 
Alt. 

176 A 


Pole, 


SECTI 

Vert. Ah 
att'. 


ON 5 

Bearings 
at f\ 


5- 

Diff. of 
Alt. 


1 


2 O E 


11 46 


35 a 


2 


11 24 


34 13 


299 


2 


a 3 


22 45 


62 


3 


13 22 


37 54 


397 


3 


4 3 


25 3^ 


130 


4 


H 52 


42 20 


509 


4 


7 32 


34 49 


324 


5 


16 40 


47 44 


675 


5 


9 i'S 
9 5* 

10 30 

1° 33 
u *7 

11 57 
11 52 


42 55 
48 8 

53 40 
62 34 
66 12 
69 15 
73 19 


497 
604 

736 

917 

1060 

1235 

"37° 


6 


16 46 


50 15 


833 


6 

7 
8 

9 
10 
11 


Pole. 

1 
2 


S E C T 

Vert. Ah 
atk, 

/ 

3 s 

6 10 


ION 

Bearings 
at t'. 

5 28 
8 5 


58. 

DifF. of 
Alt, 

S A 

44 



74^ Wr. hutton's Calculations to a/certain 



3 


. o / 

iO' 3 


/ 

*3 52 


121 


4 


10 20 


29 37 


3^3 


5 


14 20 


32 18 


497 


6 


i| 1 


33 18 1 


547 





SECTION J 


Pole: 


Vert, jd's 
at m'. 


Bearings 
at h.~ 


1 


/ 

28 l6 D 


/ 
,-Not feetu 


2 , 


25 20 ; 


66 56 


3 


22 23 


74 5° 


4 


22 1.2 


76 20 


5 


21 40 


79 10 



59- 



DifF.of 
Alt. 



910 p 
3056 
.11.14 
1232 



6- 

7 
8 

9 
10 
11 
12 

*3 

Hi 

l $ 
16 



o / 
21 20 

20 14 

19 12 

18 46 

17 30 

16 8 

14 42 

J 3 35 
12 46 
u 30 
10.30 



83 3* 
85 50 
87 30 

89 17 

90 20 

9* 5 
92 27 

9 2 54 

93 i4 

93 45 

94 7 



1521 
1656 
*758 
1978 
2016 
1990 
4093 

2035 
1991 
1915 

1845 



The following are the irregular fe&ions. In the 
.firft columa m the number of poles ; in the fecond the 
vertical angles; in the third and fourth the two bearings 
or horizontal angles at each end of the bafe; arid in the 
fifth the computed rdult, being the difference of altitude 
between the foot of each /pole aud the point mentioned; 
in the fecond column where the vertical angles were taken. 



Pole. 
1 


SEC f 

Vert; z. Y 

at h. 

8 30E 


r i i 

Bear, 
at h. 
d /' 
19 55 


ST 60 

Bear. 

at g. 

*> / * 
66 39 


•• 

DifF.of 
Alt. 

832A 


Pole. 


6 E C 1 
Vert, z. 9 * 

at H. 


, IO> 

Bear, 
at h. 


1 61 

Bear, 
at g. 


DifLof 
Alt. 


2 


8 30 


66 46 


7° 33 


850 


1 


*9 3iE 


68 51 


71 


1 004 A 


3 


8 30 


62 56 


75 .9 


884 


2 


9 3i 


64 19 


77 50 


IO9I . 


4^ 


830 


58.20 


79 20 


892 


3 


9 3 1 


60 19 


80 38 


I072 


5 1 


8.3° i.54 2.7 


82 42 


891 


4 


9 3 1 


55 4c 


84 34 


I066 . 



the mean Benjity of the Earth. 



743 



SECTION 62. 



SECTION 65. 



Pole, 

1 

2 

3 

4 



Venn's 
at h. 


Beir. 
at H. 


Bear, 
at g. 


Diff.of 

Alt, 


/ 

1 l OB 


7* 45 


72 40 


I 5 34 A 
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The three following fe&ions were taken in a manner 
different from all the reft. They were made by mea- 
furing in a ftreight floping line (or nearly ftreight) from 
certain points towards k and n, and at the beginning of 
the line taking the angle of elevation or depreflion of fe*- 
veral places or points in it* whofe diftance from the be- 
ginning were meafured. In thefe cafes each diftance is 
the hypothenufe of a right-angled triangle, and the 
manner of operation is this, as radius is to the hypothe- 
nufe or meafured Hope diftance, fo is the fine of the ele- 
vation or depreflion to the difference of altitude, and fo 
is the cofine of the fame vertical angle to the horizontal 
diftance. 
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section 71, from S'toK. s ection 72, from <5 7 to n. 
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Befides thefe fedtions there were many more fingle 
points, whofe places and relative altitudes were obferved 
and computed, but it is not neeeffary to abftracft them all 
here. 

The following plate (Tab. vm.) has 7 2 figures anfwer- 
ing to thefe 7 2 fedtions, each to each, according to the 
numbers. In thefe figures, the line having the letters p,p, 
p, 8tc. annexed is the fe6tion line, the letters p,p, &c. de- 
noting the poles ; the other line, forming the angle with 
the fe£tion, is the bafe line; and between them are the 
degrees and minutes contained in the angle formed by 
them ; at the angular point was obferved the elevation or 
deprefiion of each point p, and the bearings or hori- 
zontal angles were obferved at the other end of the 
bafe, from whence faint lines are drawn to fbme of the 
points p forming with the bafe line thofe horizontal 

angles. 
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angles. The bafe and fedlion lines in each figure are alio 
drawn nearly in the fame dire&ion as they are in the 
plan or on the ground, fuppofing the top of the paper to 
be the North, towards which a perfon looks when view- 
ing the ground from the South. 

Having finifhed the computation of the relative alti- 
tudes of all the points, the next confederation is how they 
are to be applied in determining the attraction of the 
hill. In whatever manner this laft mentioned operation 
may be performed, it is evident, that all the points and 
feitions with their altitudes muft be entered in the plan. 
Wherefore, having accurately conflruited a large plan of 
the ground, as before mentioned, containing all the prin- 
cipal lines or bafes, at the extremities of which either ver- 
tical or horizontal angles were taken, from them I then de- 
termined in this plan the places of all the other points in 
the fe&ions, whether vertical, horizontal, or irregular. 
Thefe places or points w r ere determined by drawing lines 
from each extremity of the bafe fo as to form with it 
angles equal to thofe which were obferved on the ground 
for each correfponding pole; theinterfedtionsof thefe lines 
are the places of the poles, which having marked with a 
fine dot or point of ink, and written clofe to each point 
the proper number expreffing its relative altitude, and 
cleaned the paper by rubbing out the lines forming the 

4 Z 2 angles 
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angles by which the points were determined, there re- 
mained only the points with the figures exprefling their 
altitudes diftinCtly exhibited in the plan (fee tab. ix.) 

It remains now to apply all the foregoing calculations 
and conftruCtions to the determination of the effeCt of 
the attraction in the direction of the meridian. And 
here it foon occurred, that the beft method was to divide 
the plan into a great number of fmall parts, which may 
be considered as the bafes of as many vertical columns or 
pillars of matter into which the hill and the adjacent 
ground may be fuppofed to be divided by vertical planes, 
forming an imaginary group of vertical columns, fome- 
thing like a fet of bafaltine pillars, or like the cells in a 
piece of honey-comb; then to compute the attraction of 
each pillar feparately in the direction of the meridian; 
and laftly, to take the fum of all thefe computed effects 
for the whole attraction of the matter in the hill, &c 
Now the attraction of any one of thefe pillars on a body 
in a given place may be eafily determined, and that in 
any direction, to a fufficient degree of accuracy, becaufe 
of the fmallnefs and given pofition of the bafe ; for, on 
account of its fmallnefs, all the matter in the pillar may 
be fuppofed to be collected into its axis or vertical line 
ereCted on the middle of the bafe, the length of which 
axis, as the mean altitude of the pillar, is to be eftimated 

from 
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from the altitudes of the points in the plan which fall 
within and near the bafe of the pillar: then,, having 
given the altitude of this axis, with the pofition of its 
bafe, and the matter fuppofed to be collected into it, a 
theorem can eafily be given by which the effect of its 
attraction may be computed, But to retain the proper 
degree of accuracy in this computation, it is evident that 
the plan muft. be divided into* a great number of parts, 
perhaps not lefs than. a* thoufand for each obfervatory> 
mi order that they may be fufficiently fmall,, and by 
fehis meana forming about two thoufand of fuch pillars 
©f matter, whofe attractions mutt be feparately com- 
puted^ as mentioned above. The labour and time ne~ 
ceffary for fuch computation^it is evident,, would be very 
great,, perhaps not lefs than thofe employed, in all the 
preceding computations of the feCtions,,and all the other 
points and lines concerned in this bufinefs . For this rea~ 
fon I was defirous of obtaining a theorem, or method by 
which the attractions of the fmall and numerous pillars 
might be compiled with, the fame degree of accuracy, 
but with Rfs expence of labour and time than when 
computed feparately as above mentioned. And in this 
inquiry the fuccefs has been equal to my willies, having 
at length met with a method by which the bufinefs has 
been effected in. perhaps one-fourth or oner fifth of the 

time 
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time that would have been required in the other way. 
This method I have inveftigated partly from fome hints 
of the honourable henry cavendish, f. r. s. and partly 
from fome of my own, which had been communicated 
to the Aftronomer Royal in the years 1774 and 1775 : 
of which method and its inveftigation I fhall now give 
fome account. 

Of all the methods of dividing the plan into a great 
number of fmall parts, Ihave found that to be the moft 
convenient for the computation, in which it is firft di- 
vided into a number of rings by concentric circles, and 
*hef$ again divided into a fufficient number of parts by 
radii drawn from the commou center, that center being 
the obfervatory where the plummet is placed on which 
the effe& of attradtion is to be computed. By this means 
the plan is divided into a great number of fmall quadri- 
lateral fpaces, two of the oppofite fides of which are 
fmall portions of adjacent circles, and the other two are 
the intercepted fmall parts of two adjacent radii, as ap- 
pears by fig. 1. tab. x* in which, for the prefent, 
let the circles and their radii be fuppofed to be drawn at 
any diftances whatever from each other, till it fhall ap- 
pear from the theorem tq be inveftigated what may be the 
propereft diftances and pofitions of thofe lines. In this 
figure a is the obfervatory, an the meridian, nae an 
n Eaft- 
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Eaft-and-Weft line, bcde one of the little fpaces, and f 
its center or foot of the axis of the pillar whofe bafe is 
bcde; the figure awne a being a horizontal or level fec- 
tion through the point a* join a, f, and with the center 
A defcribe the middle circle gfh. Let a denote the length/ 
of the axis on the point f, or the mean height of the pil- 
lar on the- bafe bd; and s~ the fine of the angle of ele- 
vation of that pillar, as obferved at a, to the radius 1, or 

s zz , . Then will the magnitude of that column 

or its quantity of matter be exprefifc-d by —~^ xbex^ 
which is fuppofed to be all collected into the axis: con- 
fequently, if the attraction of each particle of matter be 
in the reciprocal duplicate ratio of its diftance, the attrac- 
tion of the matter in the pillar, fo placed on the plum- 
met at a, in the direction of the meridian an, will be 

BC-f-ED S BC-fED Gil 

— x BE x a x - x C ■ =; -— — - x BE X SC ~ — x BE x SC 

2AF a 2AF AF 

nearly, fuppofing f to be equally diftant from bc and 
ed, and c the cofine of the angle fan to the radius 1. 

But G — x c is nearly equal to d the difference of the 
fines of the angles ban,, can, as is thus demonftrated. 
Draw gk, fl, hm, perpendicular, and gp parallel to aw; 
and draw the chord gh. Then ak, am are the fines of 
the angles gan, han, to the radius af, their difference 

being 
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being km ~ gp ; alfo fl is the cofine of fan to the fame 
radius : confequently gp : fl ■= d : c. But the triangles 
lf A, pgh are equiangular, and therefore gp : fl-gh : af. 

Confequently gh : af s= d : c; or — x " = cL This equa- 
tion is accurately true when gh is the chord of the arc; 
and as the fmall arc differs infenfibly from its chord, the 
fame equation is fufficiently near the truth when gh is 
the arc itfelf. Subftituting now d inftead of the quantity 

— x c in the theorem above, it will become bex^/x for 

AF 7 

the meafure of the attraction of the pillar whofe bafe is 
bd in the direction an. Which is as eafy and fimple an 
€Xpreffion for the attraction of a fingie pillar as can well 
be defired or expected. 

But to make the application of this theorem ftill more 
eafy to the great number of fmall pillars concerned in 
this bufinefs, let us fuppofe be and d to be conftar* t or in- 
variable quantities, and then it is evident that we fhall 
have nothing more to do but to colledl all the j's or fines 
of elevation of all the pillars into one fum, and then 
multiply that fum by the conftant quantity bex</, by 
which there will be produced the meafure of the attrac- 
tion of all the pillars, or of the whole part of the ground 
on one fide of we* Now be will be made to become 
conftant, by making the circles equi-diftant from one 

another, 
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another, or by taking the radii in arithmetical progref- 
iion. And d will be conftant, by drawing the radii fo as 
to form with an angles whofe fines fhall be in arithme- 
tical progreffion; for then d is the common difference of 
the fines of thofe angles. Hence then we are eafily led 
to the beft manner of dividing the plan into the fmall 
fpaces, viz. from the center a defcribe a fufficient num- 
ber of concentric and equi-diftant circles ; divide the ra- 
dius ai of any one of them into a fufficient number of 
equal parts, and from the points of divifion ereil perpen- 
diculars to meet the circle; then through the points of 
interfeCtion draw radii, and they will divide the circles 
in the manner required. 

In a computation of *his kind, we need only calculate 
the attraction of the matter above the plane or horizon 
of each obfervatory, and the attraction of fo much matter 
as is wanting to fill up the vacuity below that plane lying 
between it and the furface of the lower part of the hill. 
For the South obfervatory, the attraction of the Southern 
parts that are above it muft be fubtraCbed from that of 
the Northern parts* to obtain the attraction of the whole 
towards the North ; that is, the Southern elevations are 
negative, and the Northern ones affirmative* The con-* 
trary names take place with refpeCt to. the depreflions, or 
the vacuities below the plane of the obfervatory; for if 

Vol. LXVIII. 5 A the 
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the whole fpace below this horizontal plane were full of 
matter to an equal extent both ways, its attraction need 
not be computed, as thofe on the contrary fides would 
mutually balance each other; but fince there are unequal 
vacuities on each fide, it is evident, that the attraction of 
the matter that might be contained in them muft be de- 
ducted from the other two equal quantities, to leave the 
real attraction of thofe two fides; then fubtraCting the 
remainder to the South fide from that of the Northern 
fide, there will at laft remain the joint effeCt of all the 
matter below the plane in the Northern direction : but 
as the one remainder is to be fubtraCted from the other, 
the two equal quantities may be omitted in both, and 
only the efFeCts of the vacuities brought into the account, 
which being twice fubtraCted, their figns become con- 
trary to thofe of the parts above the horizontal plane ; 
that is, the effeCt of the Southern vacuity is affirmative, 
and that of the Northern one negative. But for the 
Northern obfervatory, when the attraction towards the 
South is to be found, the contrary names take place; 
that is, in the elevations the Southern parts are affirma- 
tive, and the Northern parts negative; but in the vacui- 
ties or depreflions, the Northern parts are affirmative, 
and the Southern ones negative. 

According 
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According to the foregoing method the plan of the 
ground was divided into 20 rings by equidiftant eon- 
centric circles, defcribed about each obfervatory as a cen- 
ter; and each quadrant was divided into 12 parts or 
fe&ors by lines forming, with the meridian, angles whofe 
fines are in arithmetical progreffion; by which means 
the fpace in each quadrant was divided into 240 fmall 
parts, making almoft a thoufand of fuch parts in the 
whole round for each obfervatory, or near 2000 for the 
tw r o obfervatories. This was judged to be a fufficiently 
great number of parts to afford a very confiderable de- 
gree of accuracy ; or at leaft that number was as great, 
and the parts as fmall, as was well confiftent with the 
degree of accuracy afforded by the number, of points 
whofe relative altitudes had been determined. 

In this divifion the common breadth of the rings, or 
the common difference of the radii, is 666} feet; and 
the common difference of the finqs of the angles formed 
by the radii and the meridian is ^th of the radius; and 
confequently, thofe angles are expreffed in degrees an<jl 
minutes as here follows, viz. 4 47', 9*36', 14° 29k 
19* 28', 24 37', 30 o', 35° 4*'> 4*° 4«& 4*° 35V 
S6° 26% 66° 26^, 9o°o 7 . 

Tab. ix. contains a fmall plan of the principal and 
moft central part of the ground, accurately divided in the 

5 A 2 above 
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above manner for one of the obfervatories, namely, the 
Northern one, with the places of all or moft of the 
points which fall within this part of thte ground, accu- 
rately laid down and marked with dots, as alfo fuch of 
the included letters as have been before mentioned in 
this paper. 

In this plate rabcd, &x. is the chain of ftations 
around the hill; n and k are the Weft and Eaft cairns o» 
the extremities of the ridge of the hill; o the Southern 
obfervatory, and p the Northern one* Of this kind were 
made two large plans, one divided for each obfervatory^ 
from which were eftimated the mean altitudes of the pil- 
lars erected on the fpaces into which they are divided. 

Thefe altitudes are eafily eftimated when feveral of 
the points fall near and in the fmall fpaces or bafes, efpe- 
cially when they are near the middle of them ; but, nu- 
merous as the points are, there are evidently many bafes 
in which none at all are contained, nor even near them* 
This circumftance at firft gave me much trouble and dif- 
fatisfadtion, till I fell upon the following method by 
which the defedt was in a great meafure fiipplied^ 
and by which I was enabled to proceed in the eftimatkrti 
of the altitudes both with much expedition and a confi- 
derable degree of accuracy. This method was the con- 
necting together by a faint line all the points which wefte 

of 
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of the fame relative altitude : by fo doing, I obtained & 
great number of irregular polygons lying withift, arid 
at fome diftance from, one another, and bearing a confi- 
derable degree of refemblance to each other : thefe poly- 
gons were the figures of fo many level or horizontal fee- 
tions of the hills, the relative altitudes of all the parts of 
them being known ; and as every bafe or little fpace had 
feveral of them paffing through it, J was thereby able to 
determine the altitude belonging to each fpace with 
much eafe and accuracy. In this eftimation I could ge- 
nerally be pretty fure of the altitude to within ten feet, 
and often within five, which on an average might be 
about the 10 oth part of the whole altitude; and when 
we cotifider that the number of fuch eftimated altitudes 
is very great, and that it is probable the fmall errors 
among them would nearly balance one another, the de- 
feat of thofe that might be reckoned too little being com- 
penfated by the excefs in thofe which might be taken to6 
great, we need not hefitate to pronounce, that the error 
arifing from the eftimation of the altitudes is probably 
ftill much lefs than that ■part. 

It was neceflary to determine thefe altitudes of the 

pillars,, in order to compute the fines of the angles of 

elevation fubtended by them, as the theorem requires 

the ufe of thefe fines; and. the very eafy method ufedln* 

6 deducing 
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deducing the latter from the former fliall be explained 
after we have, as below, regitfered the altitudes of all the 
pillars as they were computed. This regiiter confifts of 
fixteen tables, namely four quadrants of fpaces in the al- 
titudes, and four in the depreffions, for each obfervatory, 
as fpecified in the titles of them. The numbers are feet, 
like all the other dimenfions. The numbers on the fame 
horizontal line from left to right are fuch as are all in the 
fame ring; and thofe in one and the fame vertical co- 
lumn are in the fame fe<5tor, or between the fame two 
radii ; the number of the ring, counted from the com^ 
mon center, is written in the left-hand margin ; and the 
number of the vertical column or diftance of the fpace 
or fe£tor from the meridian, at the top; alio the radius of 
each ring, that is, the line from the common center to 
the middle of the ring is written on the fame line with 
it, in the right-hand margin. It may be further re- 
marked, that in fuch little fpaces as were cut through by 
the boundary line between elevations and depreffionsi, 
thereby making but a part of fuch fpaces in each of 
thofe denominations, each fpace was accounted as a whole 
one; but then the mean altitude or depreflion in each 
part was diminifhed in the proportion of the whole fpace 
to the part of it fo included in the boundary. The alti- 
titudes and depreffions are put down firft with refpe£k to 
a the 
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the Southern obfervatory o, and then for the Northern 
obfervatory p; and in each, the altitudes are placed firft. 



1. Altitudes above in the N.W. quarter. 


Rings.) I | 2 


3 


4 


5 1 6 | 7 


8 | 9 


10 


II 


12 


Radii. 


1 l 2I 5l 215 


215 


215 


210 | 205 | 200 


190 | 170 


i45 


I20 


75 


333-- 


2. | 6O5 j 6lO 


605 


600 


595 1 590 i 580 


57° 


5io 


45° 


35° 


200 


1000 


_3 |9 6 S|k>05 


1010 


lOIO 


1020I1050J1040 


900 


810 


6co 


415 


220 


1667 


4 | f) 7Q j 680 


700 


7 ho 


800 j 930 I1040 


ib9o|iioo 


700 


480 


210 


2 33 3 


5 h8o| 310 


3/o 

100 


no 


560 | 700 | 830 
T$o |!8o]"525" 


960 J1180 
710 j 890 


890 
950 


.54,5 
605 


200 
no 


jooo 
3667 


6 | 20 | 50 


7 1 


9 10 | 70 | 120 


4i5 


620 


780 


600 


120 


4333 


8 1 1 15 


95 


390 


610 


480 


35 i 5ooc; 


9 1 


*35 


310 


220 


5 i 5^ 7 i 


10 | 


40 


7 


1 ^33, 


2. Altitudes above in the N.E. quarter. \ 


Rings. 
I 


1 . 


2 


3 1 4 


5 


6 


7 


8 


9 ! J o 


I 1 


12 [Radii.. 


210 


205 


205 | 200 


195 


*8 5 


170 


155 


140 | 125 


IO5 


7° 1 333i! 


2 


550 


545 


54o | 530 


520 


5io 


500 


465 


43° 


37o 
59° 


27O 
loo' 


130] 1 coo 

200 j 1667 


3 

4 


910 


840 


825 


815 


800 


760 


720 


680 


635 


HS 


640 


C3S 


640 


64 s 


650 


675 


7^5 


730) 700 


580 


3 00 l 2 333 


5 


265 


255 


265 | 285 


310 


350 


39° 


450 


460 


500 


Ooo 


2 80 | 3000 


6 


10 


12 


20 | 65 


100 


130 


160 


180 


180 | 320 


460 


300 | 3667 


7 






15 


55 1 il ° 


150 


2 50 1 4333 


8 




50 J 5000 


3. Altitudes above in the S.W. quarter. 


Rings. | I 


2 


3 


4 


5 


6. 


7 


8 


9 


10 


n 1 12 j tlaoii 


' 1 ! 






















10 | 3<3f 


2 
























15 | 1000 


3 
























5 | 1667 


12 
























40 | 7667 


l 3 
























6° 1 8333 


14 
























100 1 0000 


*5 
























200 | 9657 


16 


40 


120 


200 | 250 


280 


280 


260 


170 


60 






300 


io 333 


*7 


160 


270 


360 


400 


440 


45o 


45° 


39° 


270 


30 




500 


1 1000 


18 


?io 


420 


500 


580 


620 


650 


660 


630 


500 


2pO 




700 


1 1667 


19 


44 o 


540 


620 


680 


740 


800 


800 


780 


600 


4OO 


60 


800 


I2 333 


20 


55° 


650 


75° 


800 


900 


95o 


960 


960 


800 


5OO 


200 


900 


1 3000 
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4, Altitudes above in the S.E. quarter. 


Rinos.| I 


2 1 3 1 4 


5 


6 


7 


8 1 |Kadii. 


16 


1 *o 


1 1 








1 . 1*0333 


l 1 


I 80 


60 | 50 | 50 


10 






1 1 1 IOOO 


18 | 220 


200 | 180 


Ll3° 
I240 


70 
170 


3° 




1 111667 


IiLi.3± o _ 

20 (450 


300 | 260 
410] 380 


120 


20 


1 l I2 333 


1331 


260 


180 


IOO 


20 1 1 1 3000 


S ,De 


>rei 


lions be 


.ow in the N.W. quarter. 


Rings 

6 


1 1 * 


3 


4 


5 


6 


7 


8 


9 


10 


II 


12 J Radii. 


70 | 40 


15 


5 
















15 | 3667 


7 


250 1 240 


200 


i5° 


60 


30) 










40 | 4333 


8 

9 
10 


460 1 450 


43° 


39° 


280 


200 


80 


10 








80 | 5000 


700 1 700 


680 


630 


520 


45o 


340 


170 


15 






120 


1 .5667 


84.0 1 830 


800 


780 


650 


600 


520 


380 


180 


40 


70 


220 


1 6 333 


1 1 


960 1 920 


880 


S50 


750 


050 


630 


55o 


350 


250 


3OO 


430 | 7000 


12 


I IOC 


1000 


950 


900 


820 


780 


780 


780 


580 


53° 


5OO 


c;6o | 7667 


14 
15 


I I30II080 


980 


880 


840 


800 


830 


860 


780 


690 


63O 


6 4° I 8333 


118c 
1 1 80 


IIOO 
IIOO 


1000 


900 


900 


900 


910 


940 


870 


800 


7OO 


500] 9000 


IIOO 


1080 


1040 


105.0 


1060 


1070 


IOOO 


870 


73° 


300 | 9667 


16 

17 


1 100 


I ICO 


IIOO 


I IOO 


IIOO 


1 14c 


1 1 50 


1 150 


1 1 20 


990 


760 


160 


I io 333 


IIOO 


I IOO 


IIOO 


1 130 


1180 


1200 


1200 


120c 


Il80 


1080 


700 


80 1 1 IOOO 


18" 


I IOO 


IIOO 


1 150 


1200 


1200 


1 150 


IIOO 


IIOO 


I200 


1180 


700 


100 |i 1607 


I9" 


IIOO 


1 120 


1220 


1230 


I26o|l200 


1200 


1 20c 


I3OO 


1240 


620 


60 1 1 2333 


20 |ll20 


1220 


1320 


1360 


I390|I390 


1300 


1340 


I44O 


1 300 


620 


50 Inooo 


6. Depref 


ions below in the N.E. quarter. 


Rings. 


1 1 2 1 3 1 4 


5 1 6 | 7 1 8 


9 1 IO 


11 | 12 (Radii. 


6 


70 


60 1 30 


10 


1 


1 


1 


1 IO 1 3<^7 


7 
8 


260 


240 1 200 


l S° 


no| 80 


30 1 40 


30 | 10 


1 >° 


4333 


45° 


440 1 400 


350 


280 | 180 


100 1 180 


180 | 190 


190 | 40 


5000 


9 


700 


690J 680 


610 


520 | 400 


200 1 240 


290 | 350 


33O | 2C0 


5667 


10 


850 


870 1 890 


860 


770 (620 


440 


300 


380 


500 


45° 1 37o 


6 333 


11 


1020 


106011070 


1 050 


980 | 860 


700 


520 


400 


650 


600 | 530 


7000 


12 


1 1 40 


ii6o|ii8o 


1 160 


1140I 


1080 

["250 


950 


840 


620 


720 


850 | 700 


7667 


n 


1200 


1190I1200 


1220 


1240] 


1 160] 1050] 900 


840 | 950 | 


880 
990 


^333 
9000 


H 


1230 


1130)1050 


1050 


HO0|l22O 


l26o|l220|l070 


950I1020I 


15 
16 


IIOO 


960 | 900 


850 | 900 |noo 


I230|l2I0|lI70 


1060 


1090I1100 


9667 


970 


860 | 880 


780 1 780 1 900 


II20|ll8o|l2OO 


1 1 80 


1160I1150 


r o333 


17 


970 


80a | 760 


7 50 1 7 50 1 7 80 1 1 ooo| 1 aoo| 1 300 


I240|l2O0|lIOO 


1 1 000 









the 
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7. Depreffions below o in the S.W. quarter. 


Rings. | I 


2 



j 


4 


• 5 1 M 7 1 8 1 


9 | 10 | 


11 1 12 1 Radii 


i 1 i6S 


165 


160 


155 


150 j 140 | 130 | 120 | 


no 


90 | 


5° 


10 


333~- 


2 | 4OO 


390 


380 


370 


35VJ33°l3 00 h7~o| 


240 


210 | 


160 


60 

100 
160 


ICOO 


3 


600 


.580 


560 


530 


500 | 570 | 540 | 400J 


37° 


34° 1 


280 


1667 


4 


740 


720 


700 


670 


640 | 610 j 580 j 530 j 


490 


440 | 


370 


2 333 


5 

6 


800 


800 


800 


770 


740 j 710 j 660 | 610 | 


570 


5io 1 


440 


230 


3000 


780 


790 


780 


77° 


780 j Sco | 790 | 700 | 


650 


S90 | 


510 


320 


3607 


7 


700 


710 


720 


730 


75o 


75° 1 
'660" | 


750 | 750 | 


73 o 


670 '•■ 


600 


400 


4333 
5000 

_jf>^7 

J>3_3_3 

7000 


8 


580 


<fto 


600 


610 


640 


700 1 720 j 


73° 


73o | 


760 


450 


9 


490 


490 


490 


480 


490 [ 510 | 600 | 6.50 | 


660 


690 


58o 


10 


470 


460 


420 


400 


420 j 420 1 440 | 49° ! 


580 


59° 1 


560 
250 


43° 
37o' 


11 
12 


340 


340 


340 


340 


340 


33° I 3So | 39° 1 


450 


480 


210 


220 


23° 


250 


250 


250 | j 280 | 310' 


340 


370 


200 | 7667 


160 


I50 


140 


120 


130 


150 I 200 j 230 


280 


290 


230 


r '°l $33;. , 


H 


no 


90 


60 


20 


20 


20 j 70 | 150 s 


230 


240 


*5° 


90 | 900c 
To"! 10333 


15 


50 


20 








1 1 40 | 


•140 


180 | 


90 


16 




30 


90 


7° 


8. Depreffions below in the S.E. quarter. 




Ring* | I 


2 


3 


4 


U 6 | 7 1 8 | 9 


10 | 11 


12 | 


Radii, 


I 


165 


165 


160 


155 


150I 140 


130 | 120 


no 


100 


95 


40 


i 333* 


2 


400 


400 


400 


400 


400 | 39° 


380 | 360 


330 


300 


250 


no 


1 00c 


3 


600 


6lO 


610 


610 


6io| 6co 


600 | 580 


550 


500 


440 


200 1 l66? 

.. .' '.' 


4 


760 


750 


740 


740 


740 


I 73° 

8co~ 


720 | 710 


680 


640 


560 


;<00 


*333 


5 


800 


800 


800 


800 


809 


800 | 800 


790 


740 


660 


400 


3CC0 


! 6 


780 


780 


780 


780 


1 780 | 790 


800 | 840 


880 


850 


75o 


470 


3667 


7 


700 


i 69° 


680 


670 


| 6-0 | 680 


620 | 720 


820 


900 


770 


520 


43 3 > 


8 


580 


570 


570 


570 


57°|5 8 ° 


590 | 600 


660 


800 


800 


600 


500c 


9 


4QO 


|4QO 


490 


490 


490 | 490 


490 | 500 
410 | 430 


520 


700 


880 


600 
6: ; o 


6 33; 


10 


470 


| 460 


450 


440 


| 430 j 420 


470 


S3 


880 


1 1 


340 


I 330 


320 j 320 


1 3 20 1 3 2 ° 


33° 1 35o 


420 


500 


780 


780 


700c 


12 


210 


| 200 


200 | 200 


| 210 


| 220 
1 Mo 


240 j 280 


390 


480 | 680 


900 


766' 

J33 

000c 


_L3_ 

14 


120 
1 10 


| I20 

| no 


23?J.,.L3_° 
no ] 120 


1 H° 


180 | 230 


300 


450 | 600 


.339- 

9S0 


1 l 3° 1 x 5° 


160 | 200 


[280 


440 | 5 8 o 


15 1 7o 


I 70 | 70 | 70 


| qo | 120 


140 | 170 
120 | 160 


| 240 


420 


I570 


o<;o 


906; 


1 6 | 10 


| 20 1 30 | 40 


| 50 | 80 


| 220 
| 200 
|T?b 

1 - l 5° 


4.00 


|5y->jioco|io33; 


i7 


1 


1 I0 


I 40 
1 5 "" 


90 j 140 
J.O | 1 1 


340 | 540 | 950 |c 100 

280 j 470 ; 780 1*233 


18 


1 


19 


1 I 5o 


20 | i 2° 


250 


S400 


| 700 1 1 300 
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9. Altitudes above p in the N.W. quarter. 


Rings. | ' | 12 


Radii. 


4 


1 1 10 


2 33 3 


5 


1 1 *5 


3000 


6 


r 1 *5 


3667 


7 1 | r 5 


4333 


8 


J - _ .. 1 15, 


500c 




10. Altitudes above p in the N.E. quarter. 


Rin#s | 12 (Radii 


1 1 1 }o j 33$l 


2 | | 10 | 1000 


3 


1 1 15 I 1667 


4 


1 | 60 j 233? 


5 


| j 4.0 .| 3000 


6 1 1 5 | 3667 


11. Altitudes above p in the S.VV. quarter. 


_ Pangs. | I 


2 | 3 1 4 | s 


6 | 7 | 8 


9 


10 |, 1 1 | 12 (Radii 


I | no 


no | 105 | 105 | 100 


ioo| 95 I 9S 


90 


**5 1 8o 1 35 I 333± 


2 | 3.4-O 


330 | 320 | 310 | 300 


290 | 280 | 270 


240 


210 | 1 "o | 90 | 1000 


3 1 ^ t)0 


600 | 660 | 660 | 660 


650 | 620 | 590 


57o 


510 | 370 | 170 | 1667 


4 |l020 


1030) 1040] io$o| 1060 


1070I1030I 990 


910 


800 | 660 | 270 | 2333 


5 iio^o 


IHO|l28o|l270|l320 


1330K310I1280 


1270 


1170] 910 | 460 | 3000 


6 | 670 


77O 1 8lO 1 QOO 1 930 1 950 |l020|l07,0|lI50|l270 


nooj 600 1 3667 


7 |28o 


340 1 420 1 480 1 540 1 570 1 620 j 670 1 720 j 880 


I050I 660 1 4333 


8 | 20 


50 1 90 1 140 1 2 10 1 290 1 3 so 1 4.20 i 490 1 570 


700 1 570 1 500c 


9 




1 1 1 1 


120 | 210 


270 | 320 


370 1 270 1 5007 


10 




1 1 1 I 




90 


15° 


180 1 20 I 6333 


15 




1 1 1 1 




140 


170 


1 1 9667 


16 




III! 




140 


470 


3° 1 1 10333 


17 




1 1 1 1 




130 


500 


170 | 170 1 1 1000 


18 




1 1 1 1 


| 20 


170 


600 | 400 | 400 |j 1667 


19 


150 | 


150 1 140 1 120 1 90 1 to 


30 | 70 | 170 


500 | 500 | 500 [12333 


20 


160 1 


I7O 1 2IO 1 220 | 200 | I7O 


100 | 130 | 170 


400 | 600 | 600 j 1 


3000 
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12. Altitudes above p in the S.E. quadrant. 


Rings. 


1 


2 


3 


4 


5 


6 


7 | B 


9 


10 


1 1 | 12 | Radii 


I 


no 


no 


105 


i°5 


IOO 


| IOO 


95 1 95 


90 


85 


80 | 35 I 333* 


2 
3 


340 
660 


_33p_ 
640 


.320 
620" 


.3JfL 
600 


300 


1 2 9° 


280 | 270 


240 


210 


I7O | f)0 | 1000 


570 


l54o 


510 | 480 


440 


380 


?QO 


160 | 1667 


4 


1000 


980 


95o 


910 


870 


810 


730 | 670 


540 


460 


33° 


17° 1 2333 


5 


I02C 


1020 


1020 


1030 


1030 


|l020 


970 | 770 


570 


470 


39° 


1 30 | 3000 


6 


67O 


710 


770 


810 


840 


860 


910 | 890 


720 


650 


400 


30 | 3667 


7 


29O 


320 


360 


39o 


470 


590 


700 | 750 


780 


600 


280 


1 4333 


8 








20 


70 


I70 


250 | 420 


630 


55? 


170 


I 5000 


9 














| no 


360 


420 


170 


1 5667 


10 
















70 


180 


120 


I 6 333 


18 




20 


40 


50 


40 


| 1 11 667 


*9 


IOO 


IOO 


.100 


100 


80 


3° 1 1 1*333 


20 


13O 


130 


130 


120 


1 10 


80 1 1 1 3000 


13. Depre 


flions below p in the N. W. quarter. 


Rings. 


I 


2 | 3 


4. 


5 


6 


7 1 8 


9 


10 


11 | 12 | Radii. 


I 


IOO 


95 


99 


85 


80 


7s 


70 | 60 


5° 


40 


3° 


l > 1 3337 


2 


390 


380 


360 


330 


310 


290 


270 | 24JD 


210 


180 


I50 


60 | lOCO 


3 


520 


5io 


500 


490 


480 


470 


450 I 43° 


410 


37° 


270 | 80 | 1667 


4 


65O 


64$ 


620 


610 


59o 


57o 


55o | 53° 


500 


460 


390 | 90 | 2333 


5 


83O 


820 


760 


720 


6qo 


660 


630 | 590 


560 


500 | 


_3JHjL3_?J_iL C( ? 
340 | 280 | 3667 


6 


880 


860 


850 


790 


730 


700 


670 1 640 


580 


480 1 


7 


910 


900 


860 


830 


790 


720 


630 1 620 


540 


55o i 


440 1 185 | 4333 


8 


93° 


890 


840 


800 


830 


710 


610 1 610 


580 


53o; 


520 1 430 1 '500c 


9 


830 


830 


830 


830 


830 


830 


760 1 700 


670 


620 | 


6 °°l33°l 5 66 7 


10 


730 


740 


755 


770 


785 


800 


815 1 830 


780 


750 | 


720 | 460 | 6333 


11 


7?P 


750 


780 


800 


830 


860 


860 1 880 


880 


860 | 


820 | 530 |. 7000 


12 


750 


770 


810 


860 


910 


930 


950 1 9 6 ° 


950 


930 | 


880 j 500 | 7067 J 


13 


770 


840 


910 


950 


990 1 


1030 


1050I1050 


1030 


980 | 


950 | 


^5pJ_^333i 



S B 2 



764 Mr. hutton's Calculations to a/certain 



14. Depreffions below p in the N.E. quarter. 


•lings. 


1 


2 


'3 


4 | 5 | 6 | 7 I 8 | 9 | 10 


11 | 12 


Radii. 


I 


80 


75 


70 


65 1 60 | 55 | 50 | 45 | 40 | 35 


3o 


| 20 
1 30 


_333j 

1000 
1667 


2 


31° 


3 2 5 


370 


300 


280 


260 


1 2 4° 


220 


1 *9° 1 l S° 


1 10 


3 


520 


5^ 


505 


490 


475 


460 


|440 


420 


[400 
I.560 


1 33o 


240 | 60 


4 


660 


675 


690 


700 


700 


690 


|66o 


620 


|47o 


350 | 25 


2333 


5 
6 


840 


840 


.840 


840 


840 


830 


I820 


770 | 720 | 620 


440 | 100 


3000 


860 


880 


900 


920 


93° 


930 


1 9 10 


870 


1 8 3° 1 740 

1 930 1 8 40 


570 | 240 


3667 


7 
8 


920 


920 


920 


880 


880 


900 


|93o 


940 


680 | 610 


4333 


920 


840 


780 


780 


740 


720 


1 77o 


870 | 920 | 970 


900 | 630 


500c 


9 


720 


670 


600 


boo 


600 


560 


l5So 


670 | 850 | 950 


940 | 600 


5667 


10 


700 


620 


520 


500 


500 


500 


500 


520 | 720 | 920 


960 | 650 


6 333 


1 1 


700 


600 


600 


600 


620 


600 


' 580 | 560 | 540 | 840 


920 | 770 


7000 


12 


720 


700 


680 


700 


720 


740 


700 |. 740 | 570 | boo 


920 | 820 


7067 


l dJ 


720 


720 


*72© 


720 


700 


700 


720 | 720 | 620 | 820 


900 | 920 


8 333 


15. Depreffions below p in the S.W. quarter. 


Rings. 


I 


2 


3 


4 


5 


6 


7 


8 


9 


10 | 11 | 12 | Radii, 


9 


230 


140 


100 


70 


40 


40 










1 1 5667 


10 


400 


340 


280 


230 


190 


150 


1 10 


30 








1 t>333 


1 1 


■>oo 


470 


410 


340 


290 


260 


230 


200 


1 to 


30 




140 | 7000 


12 


SOO 


5 1 © 


5 J o 


490 


410 


370 


33o 


310 


3 ^o 


280 


ISO 


260 | 7667 


13 


480 


500 


500 


5 1 © 


500 


460 


430 


260 


150 


230 


280 


36o | 8333 


H 


370 


390 


400 


430 


45o 


45o 


400 


210 


10 


1 10 


280 


230 | 9000 


15 


260 


260 


250 


260 


33o 


33° 


310 


130 






130 


130 9657 


16 


200 


20c 


J 5o 


160 


170 


220 


230 


130 








l J o333 


17 


130 


130 


90 


80 


90 


no 


140 | 30 








1 1 1000 


18 


10 


20 


3o 


10 


10 


20 


30 | 
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the mean Denfity of the Earth. 



765 



1 6. Depreflions below p in the S.E. quarter. 


Rings. 


1 


2 


3 


4 t .5 


6 


7 


8 1 9 


10 | 11 


12 
"Ko~ 
2 1 
270 
■330 


Kadii 


7 














1. 




.4333 

$000 

6 333 


8 


20 


30 


30 








1 




9 


2()0 


29O 


290 


280 | 240 


37o 


30 


l 
1 




10 


420 


440 


45o 


440 | 4^0 


270 


140 | 




11 


S3© 


540 


560 


.0o 1 550 


480 


43° 


330 | 150 


40 | 40 


43'-> 


7000 


12 


500 


5IO 


520 


550 | 630 


600 


500 

"630 


430 | 290 


230 | 200 


6 .3°. 
710 
830 


7667. 

1.33.5 
9000 

9667, 


*3 


450 


430 


420 


410 | 43° 


570 


ii?J.139. 
670 | 590 


480 | 340 


H 


360 


330 


3 1 © 


290 | 280 


333 


5*o 


6 3 l5 : ° 


l 5- 


240 


23O 


220 


200 | 180 


l GO 


33° 


530 1 770 


760 | 710 


870 


16 


l8o 


160 


l S° 


1 30 | 110 


I40 


2 3 ~> 


33o i 6 3° 


830 |-79o.| 880 


!0333 


17 


no 


80 


50 


40 | 30 


_9?__ 

10 


190 

T50 
70 


280 | 500 
260 | 400 


860 ^30 |86o 


1 1000 


18 


10 








760 | 830 


760 
|6 3 o 


1166^ 


19 




230 | 330 


600 | 770 


20 




10 


i<8o | 290 


530 | 690 | 53© 


1 300c 



It remains, now to find the fines of the vertical angles 
fubtended by all the foregoing altitudes and depreflions, 
fince the. funx of thefe fines is what we are in queft of, 
Each altitude or depreffion is the perpendicular of a 
right-angled triangle, of which the given radius ftanding 
on the fame line with it in the right-hand margin is the 
bafe, or other fide about the right-angle; and by the re- 
folution of the right-angled triangle, for each perpendir 
cular, the fame number of correfponding fines will be 
found. But with fuch data the tangent of the angle is 
much eafier to be found than the fine, and the analogy 
for that purpofe is this, as the bafe : to the perpendicu- 
lar : : 1 (radius) : the tangent required, which will there- 
fore 
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fore be found by barely dividing the given perpendicular 
by the bale; and if we find this number in its proper 
column in a table of fines and tangents, on the fame line 
with it, in the column of fines will be found the line of 
the angle required. This feems to be the eafieft way of 
refolving all the triangles when computed feparately* 
But as the labour would be very great in performing fo 
many hundreds of arithmetical divifions, &c. either by 
logarithms, or by the natural numbers, inftead of it, the 
following method, propoled by the Hon. Mr. cavendish, 
was adopted, as being a much more expeditious way of 
obtaining the fum of the fines required. This method 
confills in finding, in a very eafy manner, the difference 
between each tangent and its correfponding fine, from 
the given bafe and perpendicular, and then, fubtrailing 
the fum of all the differences from the fum of the tan- 
gents, there remains the fum of the fines. Several ad- 
vantages attend this method of proceeding : for, to find 
the tangents we need not divide every perpendicular fe- 
parately by its correfponding bafe, but add together all 
the perpendiculars that are on the fame line, and divide 
their fum by their common bafe, which is the radius of 
the middle of the ring, and is placed on the fame line 
with them towards the right-hand ; for thus we fhall 
have little more than a twelfth paxt of the number of 

divifions 
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divisions to perform : alfo a great part of the tangents are 
fo fmall that they do not at all differ from their corres- 
ponding fines in the number of decimals that it is necef- 
fary to continue the computations to, in all which cafes 
the trouble of finding the differences is faved; and thofe 
differences which it is neceffary to compute, are very 
readily found by infpedtiofi on a peculiar kind of Aiding 
rule, which was conftru£ted for this purpofe, and of 
which I fhall here give a lliort defcription. 

This rule (the figure of which is reprefented tab. x. 
fig. 2.) confifts of three columns; one marked ap or 
bafe, which is moveable by Hiding it up or down by the 
fide of the other two which are fixed; of thefe two the one 
contains the perpendicular altitudes or depreffions, and 
the other the differences between the fines and tangents 
to the radius 1. To conftrudt the numbers on this rule; 
form a feries of logarithmic tangents in arithmetical pro- 
greffion, of which the firft term is 9*000, and the com- 
mon difference '025; take out from a table the cor- 
refponding natural tangents, and place them in the firft 
and fecond columns of bafe and perpendicular, and the 
difference between the natural fine and natural tangent 
in the laft column, marked DifE To make ufe of this 
fcale ; look out any bafe and its correfponding perpendi- 
cular in their proper columns, that is, any radius and its 

cor- 
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correfponding altitude or depreffion in the lixteen fore- 
going tables, without regarding the number of places 
they contain, and bring them to correfpond; then, if 
they conlift of the fame number of places, the lower in- 
dex on the Aider or firft column, or that anfwering to 
1000, points to the true difference between the fine and 
tangent in the laffc column; but if the number of places 
in the bafe exceed that in the perpendicular by one, the 
upper index 100 muft be ufed. And in this manner 
were computed all the differences which were neceflary 
to be found, and placed in their proper fquares formed 
by the meeting of the horizontal and vertical lines, or 
rings and fecSloral fpaces, in the following fet of fixteen 
tables, which correfpond to the foregoing let of ilxteen, 
each to each, according to the number of them, and 
marked at the tops with the numbers 1, 2, 3 &c. to 12 
for the fedtoral fpaces, and with the number of the rings 
on the left-hand margin. Alfo, in the column imme- 
diately after the number of the ring are placed the radii 
which formed the laft column in the preceding tables ; 
then, in the third column, are placed the fums of the al- 
titudes and depreffions found in each line of the former 
tables; and, in the next column, the quotients found by 
dividing the numbers in the third by thofe in the fecond 
column; thefe quotients are the fums of the tangents 

belonging 
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belonging to each line or ring, which being all added 
together, their total is placed at the bottom of the co- 
lumn : after this follow the twelve columns of differences 
before mentioned, which are fucceeded by one more co- 
lumn containing the fums of each line of thefe differ- 
ences, which fums being added together, their total is 
placed at the bottom of them; and this total is the fum 
of all the differences between the fines and the tangents, 
and it is therefore fubtf ailed from the total of the tan- 
gents in the fourth column, when there remains the fum 
of the fines as required. 



1. For the fum of the fines of alt* above in the 
N.W. quarter. 


Rings. 


Radii. 


Sum of 
Perpcn. 


3~~2zr 
Sum of 
Tang. 


1 


2 


3 

• 


4 


5 


6 


7 


8 


9 


10 


11 


12 


Sum of 
Diff. 


I 


333t 


2175 


6^25 


103 


IO3 


103 


103 


97 


97 


86 


75 


55 


36 


20 


5 


•883 


2 


1000 


6265 


6-265 


88 


90 


88 


85 


84 


82 


78 


75 


56 


40 


20 


4 


790 


3 


1667 


10045 


6*027 


79 


86 


87 


87 


88 


97 


93 


64 


48 


21 


7 


I 


758 


. 4 


2333 


9300 


3*986 


12 


12 


*3 


17 


23 


27 


39 


43 


45 


16 


4 




251 


5 


3000 


727S 


2*425 




1 


t 


2 


3 


6| 


11 


16 


27 


*3 


3 




83 


6 


3667 


469S 


1*280 












1 


1 


3 


7 


9 


2 




23 


7 


4333 


2735 


0-631 
















1 


1 


3 


1 




6 


8 


5000 


1625 


°*325 




















1 


1 




2 


9 


5667 


670 


o-ii8 




























10 


6333 


60 


0-009 






























27-591 
2-796 


= ium of tangents. Sum of cliff. 
= fum of the difF. 


2-796 








24*795 


= fi 


m 
qua 


f th 
rter, 


e fin 


es < 


3f 


alt. 


ab< 


ave 





in 1 


the 


N.W. 
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2. For the fum of the fines above o in the N.E. quarter. 


R-ings. 


Radii. 


Sum oi 
Perp. 


bum of 
Tang. 


1 

1 


1 

2 3 •< 


4- 5 


6 


7 8 


9 


10 


11 


12 


um of 
DifF. 


I 


333* 


*9&5 


5-895 


97 9 


2 92 87 80 


7i 5643 


33 


24 


15 


5 


•695 


2 


1000 


53 6 ° 


5-360 


68I67 65 6 


2 59 


5° 53 43 


35 


2 3 


9 


1 


54i 


3 


1667 


8275 


4*9 6 5 


66|53 5i49 47 


4i 3 b 3 I 


25 


20 


13 


1 


433 


4 


2333 


75S5 


t 3*238 


10 10 10 10 10 


11 12 14 


*5 


13 


8 


: 1 


124 


5 


3000 


4410 


1-470 






1 


1 


[ 2 


2 


2 


4 




*3 


' 6 


3667 


J 937 


•528 














1 


1 




2 


7 


4333 


580 


*i34 






















8 


5000 


50 


•010 
























21*600 : 
1-808 z 


z fum of the tangents. 
z fum of the differences. 


1-808" 




1979 2 : 


z fum of the fines. 


3. For the fum of the fines 
above in the S. W.quarter. 


4. For the fum of the fines 
above in the S.E. quarter. 


1 


333t 1 IO 


0*030 




16 


*°333 


IO 


O'OOI 




2 


1000 | 15 


*5 




.7 


1 1000 


23O 


21 




3 


1667 I 5 


3 




18 


1 1667 


83O 


n 




12 


7667 | 40 


5 




l 9 


I2 333 


I45O 


n8 




13 


8333 . 


60 


7 




20 


13000 


2I30 


164 




14 


9000 


100 


11 






0-375 zrfum 


15 


9667 


200 


21 




of the tangents, or ot the lines, the 
difF. being nothing. 


16 


io333 


i960 


190 




17 


1 1000 


3720 


338 




18 


1 1667 


5770 


495 




19 


I2 333 , 


7260 


573 




20 


13000 


8920 


686 


of the tangents, or fui 
as the difF. between th< 
in this quadrant. 


2*374— fum 
u of the fines, 
:m are nothing 


















i 







the mean Denjity of the 


Earth 


• 
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5. For the fines below o in the N.W. quarter. 


Rings* 


Radii. 


Sum of 
Perp. 


Sum of 
Tang. 


1 


2 


3 


4 


5 


6 


7 


8 


9 


10 


11 


12 


Sum of 
Diff. 


6 


3667 


H5 


0*040 




























7 


4333 


970 


224 




























8 : 


5000 


2370 


474 




























9 


5667 


4325 


763 


1 




1 




















5' 


IO 

ii 


6 333 


59 IO 


933 


1 




1 




•«$'•• 
















6 


7000 


7520 


1*074 


1 




1 




















7 


12 


7667 


9280 


1*210 


2 




1 




















9 


"3 


8 333 


10140 


1*219 


2 




1 




















10 


14 


9000 


10700 


1*078 


1 




1 




















9 


15 


9667 


1 1 580 


1*198 


1 




1 














1 






10 


16 


io 333 


1 1970 


I-I59 I 1 




1 




















9 


i7 


1 1000 


12250 


1*105 1 * 




1 














1 






10 


18 


1 1667 


12280 


1*052 | i 




1 














1 






10 


19 
20 


I2 333 


12750 


1*034 | 




1 














1 






8 


13000 


13940 


1*072 | 




1 














1 






8 




13*635 = fum of the tangents. 

•161 =- fum of the differences, 
13*534 = fum of the fines. 
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6. For the fum of the fines below in the N.E. quarter. 




1 




1 


a 13 


4 


5 


6 


7 


8 


9 


10 


11 


12 




6 


3667 


180 


0*049 


























1, 


7 


4333 


1 160 


268 




























8 


5000 


2980 


59^ 




























9 


5667 


5210 


919 


1 


1 


1 


1 


1 
















5 


10 


6333 


7300 


i*i53 


1 


1 


1 


1 


1 


1 














6 


11 


7000 


9440 


i*349 


1 


2 


2 


2 


1 


1 


1 












10 


12 


7667 


1 1 460 


1-495 


2 


2 


2 


2 


2 


1 


1 








1 




15 


*3 


8333 


13080 


1*570 


1 


1 


1 


1 


2 


2 


1 




1 




1 




14 


H 


9000 


13290 


i*477 


1 


1 


1 


1 


1 


1 


1 




1 




1 




12 


l $ 


9667 


12670 


1*311 


1 


1 


1 




1 


1 


1 




1 




1 




11 


16 


i°333 


12160 


1*177 




1 




1 




1 














6 


17 


1 1000 


1 1850 


1*077 






1 






i 


l« 


1 




1 




6 




12*441 = 
•085 = 


: fum of the tangents. 
• fum of jthe differences. 


•085 








112-356=: 


:fu 


m 


of 


the 


lir 


les. 














-, _ 



5 C a 
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7. For the fum of the fines below o in the S.W. quarter. 


Rings. 


Radii. 


Sum of 
Dep. 


1 3 "^ 2= : 

bum or 
Tang. 


1 


2 


3 


4 


5 


6 


7 


8 


9 


TC 


) n 


12 


Sqm of 
DifF. 


I 


3^3i 


H45 


4*335 


5!|5* 


47 


43 


40 


35 


27 


21 


17 


10 


2 




•344^ 


2 
3 


IOOO 


3460 < 


3-460 


28I27 


26 


25h9 


17 
18 


*3 
16 


9 


6 


5 


2 




i77 


1667 


5370 


3*222 


2i|i9|i-7 


i5|i3 


6 


5 


4 


2 




13 6 - 


4. 


2333 


6650 


2*850 


<5M*3 


12)10 


8 


B 15 


5 


3 


2 




95 


5 
6 


3000 


7640 


2*547 


9 1 9 


9 


8 


6 


6 


5|4 


3 


3 


2 




64 


3667 


8260 


2*253 


5|5 


5 


5 


5 


5 


5l3 


3 


2 


1 




44 


7 
8 


4333 1 ^260 


1*906 


2 


2 


2 


2 


3 


3 


3 1 3 


2 


2 


1 




25 


5000 | 7840 


1.56? 


1 


1 


1 


1 


1 


1 


■h 


2 


2 


2 


1 


15 


9 


5667 


6580 


i'i6i 


1 


i 


1 


1 


1 


1 


*l* 


1 


1 


1 




11 


IO 


(>333 


5680 | 897 


1 












h 


1 


1 


1 




5 


1 1 


7000 


445° I 636 








1 






hi. 






1 


3 


12 


7667 


3160 


412 . 




1 






ill 1 






1 


2 


x 3 


^333 


2190 


263 




1 






1 1 




1 






1 


H 


9000 


1250 


139 




1 




1 1 1 ._ 












i5 


9667 


570 


59 


I 


1 till 






1 


16 


*°333 


210 


20 


1. 1. 


1 L It II 1 1 1 




25*728 =; fum of the tangents. | '922 
0*922 zr fum of the differences. (' 
24*806 ~fum of the fines. 
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8. For the fum of the lines below o in the S.E. quarter. 


Rings. 


■n ,.. Sum of 
Radlu Dep. 


3-r"2 = 
Sum of 

Tang. 


1 


2 3 


4 


5 


6 


7 


8 


9 10 11 


12 


Sum of 
DifF. 


I 


333* 


1510 


4\53° 


5 1 5 
28 : 


;i47k3 

.8 28J28 


4o|;*5 


27 


21 


17 1 


3 11 


1 


'357 


2 


1000 


4120 


4* 1 20 


28 


27 


25 


21 


17 1 


3 8 


1 


252 


J 


1667 


6510 


3-906 


21 2 


.1 2l|ll 


21 


21 


21 


T 9 


161 


3 9 


1 


205 


4 


2333 


8070 


3*459 


161 


6l5|»5 


15 


«5 


•4 


M 


13 10 6 


1 


'50 


5 
6" 


3000 


8990 


2-997 


9 


^ 9 I 9 


9 


9 


9 


9 


9 i 


* 5 


1 


95 


3667 


9280 


2\53* 


5 


5 5|5 


5 


5 


5 


5 


664 


1 


57' 


7 


4333. 


8440 


1*948 


2 


2 2 1 2 


2 


2 


2 


2 


3 4 3 


1 


27 


8 


5000 


7490 | 1-498 m 


1 


1 i|, 


1 


1 


1 


1 


1 2 2 


1 


H 


io 


5667 


6630 | 1*170 




"I 


1 








1 1 


1 


1 


6 


6333 


6070 | 958 




*l 




1 






1 


i 


1 


5 


ii 


7000 


5110 | 730 




h 








1 


i 


| 1 


) 


5 


12 


7667 


4210 


549 




1 




1 






i 




1 


3 


1 S 


**333 


354° 


425 




1 








1 




| 1 


1 


3 


14 


9000 


337o 


374 




1 


1 




1 




| 1 


1 


3 


is 


9667 


3020 


. 3 r 3 




1 1 


1 1 






1 




1 


2 


16 


l °333 


2680 


259 




1 1 


1 1 








| 1 


1 


2 


17 


1. 1 000 


2310 


210 




1 1 


1 1 






1 




1 | 


1 


18 


1 1667 


1975 


169 | 


1 1 


1 1 




1 1 


1 i| 


1 


19 


12 333 


1730 


140 | 


1 1 


1 1 


— 


1 1 

" n 


I hi 
T hi 


1 


20 


13000 


1520 


117 | 


1 1 


1 1 


1 




30-403 = 
1-190 = 


lum of the tangents. | 
fum of the differences. 


1-190 




29213 = 


fum of the fines. 


9. For the fum of the lines 
above p in the N.W.quarter. 


10. For the fum of the lines 
above p in the N.E. quarter. 


4 I 2333 


10 | -004 | 


1 




3337 1 


10 


•030 1 


5 1 3°°° 


15 1 si 


2 




1000 


1 

1 


10 


10 1 


6 | 3667 


'Si 4 1 


3 


1667 


*5 


9 I 


7 1 4333 


15 1 3 J 


4v 


2333 | 60 


26 | 


8 | 5000 


15 1 3 1 


5 
6 


3000 J 40 


13 1 


| 019 =: fum 


3667 | 


5 

fum 
this < 


* \ 


of til 

as the 
drant 


e tangent 
y have n< 


s, or ium 
d different 


ot the tin 
:e in this q 1 


es, 
1a- 


of the tangents, or 
they being equal in 


0-090 rr fum 
of the fines, 
quadrant. 
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II. For the fum of the fines above p in the S.W. quarter. 


Rings 


Radii. 


Sum of 
Alt. 


Sum or 1 2 
Tang. 


3 4 5 6 
1 


7 8 9 ic 


Sum of 
1112 Diff. 


I 


33 3t 


IIJO 


3-330 17 17 


■15 l $V3 l 3 


12 12 10 8 


6 1 -139 


2 


1000 


3150 


3-150 18 17 


16 14.(13 12 


11 10 6 5 


2 1 125 


3 


.1667 


6780 


4-068 28 28 


28 28 28 27 


23 20 18 14 


5 1 248 


4 


2 333 


10930 


4-684 37 3« 


39 40 41 42 


383426 18 


7 * 3 61 


5 


3000 


13740 


4-580 1823 


34 33 3 8 39 


37 34 33 26 


H 2 331 


6 


3667 


11240 


3' o( >S 3 5 


5667 


U 16 19 21 


14 2 118 


7 
8 

9 


4333 


7230 


1-668 


tiii 


1224 


52 20 


5000 


3900 


780 


. 


1 1 1 


1 J 5 


5667 


1560 


2 75 






1 1 


IO 


<>333 


440 


70 








i5 


9667 


310 


32 








16 


^m 


640 | 62 








i7 
"18" 


1 1 000 


970 | 88 




1 


1 . 


1 1667 


1590 


m 




1 


1 i 


19 


12333 


2480 


201 




1 1 


'! i' 


.. 20 


13000 


3 J 30 


241 | 


1 1 


1 1 1 


hi * 




26-431 zz ium of the tangents. 1 1*353 
1-353 rz fum of the differences. 


25*078 = fum of the lines. 


1 2, For the fum of the fines above p in the S.E. quarter. 


1 1 1 ,i|*' 


3 4-1 5 6 


7 8 9 |io| 


Il(l2 


i 1 333? 


mo | 3-330 i7h7 


^^l^^ 


12 12 10(8 | 


6 1 T39 


2 | IQOO 


3150 j 3-150 18J17 


16 14 13 12 


11 ioJ>j5| 


2 1 125 


3l 


1667 


5890 


3-534 28(26 


23 21 18 16 


14 12 9 5 


2 1 175 


4| 


2333 


8420 


3-609 34J33 


30 26 24 18 


15 12 6 4 


1 203 


5 


3000 


9440 


3-147 i8|i8 


18 18 18 18 


16 9 3 2 


1 139 


6 


3667 


8260 


2-253 3 4 


s s s <> 


8 7 4 3 


1 5i 


7 


4333 


553° 


1*276 


1 I I 


2331 


12 


8 


5000 


2280 


45 6 




1 1 1 


3 


9 


5667 


1060 


I87 


" 1 


1 


1 


IO 

"78" 


A^33 


370 


58 


1 


1 




1 1667 


150 


'3 1 


1 ; 


1 




JL9_ 

20 : 


J 2333 


5io 


42 | 


1 1 


1 


1 


13000 


700 


54 | 


1 1 " 


1 


1 1 




21-109 = fum of the tangents. (0-848 

0848 = fum of the differences. 
20-261 zz fum of the fines. 
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1 3. For the fum of the fines below p in the N.W. quarter.! 


Rings. 


Radii. 


Sum of 
Dep. 


Sum of 
Tang. 


1 


2 
12 


3 

9 


4 
8 


5 

7 


6 

7 


7 

T 


8 


9 


10 


11 


12 


Sum of 
DIE 


I 


3?3i 


790 


2-370 


*3 


3 


2 


1 


1 




066 


2 


1000 


3170 


3-170 


26 


25 
14 


2 1 


17 


J 4 


ii 


9 


6 


5 


3 


2 




14c 


3 


1667 


4980 


1 2-988 


i5 


*3 


12 


12 


u 


9 


8 


\7 


5, 


2 




108 ' 


4 


2 333 


6 2 00 


2-657 


ic 


IO 

IO 

6" 

± 


9 
8 

5 


9 


8 


7. 


6 


5 


5 


4 


2 




75 


5 


3000 


7270 


2-423 


10 

7 


7 


6 


5 


5 


4 


3 


2 


i 




61 


6 


3667 


7800 


2*127 


5 


4 


3 


3 


3 


2 


I 


1 




40 


7 


4333 


7975 


1-840 


5 

3 


4 
2 


3_ 
2 


JL 

2 


2 


2 




1 




* 




2,7 

17 


8 


5000 


8280 


1-656 


4 i 


1 




1. 








9 


5667 


8660 


1-528 


2 


i 


2 


i 


2 


1 


1 


1 


1 




L 




14 


10 


6333 


8935 


1-411 


1 


1 


1 


1 


1 


1 


1 




1 




I 




11 


11 


7000 


9580 


1-369 


1 




1 




1 


1 


1 




1 




I 




9 


12 


7667 


10280 


i*34i 


1 




1 




1 


1 


1 




1 




I 




9 


*3 


8 333 


11200 


i*344 




1 


1 


1 


1 


1 


1 




1 




I 




10 . 




26*224 = 
,0-587 = 


fum of the tangents, 
fum of the differences. 


0*587 


25*637 = 


fum of the fines. 


1 4. For the fum of the fines below p in the N.E. quarter. 










*hl3 


4 IS 


6 


7 


8 


9 


IO 


I I 


12 




1 


333t 


625 


1-875 


7i5 


5 


4 


3 


2 


2 


i 


1 


I 


I 




•032 


2 


1000 


*75S 


2-755 


i?|i6 


15 


13 


11 


9 


6 


5 


3 


2 


I 




98 


3 


1667 


4855 


2-913 


15 H 


*3 
*3 


12 


1 1 


IO 


9 


8 


6 


4 


2 




104 


4 


^333 


7000 


3-000 


M 12 


13 


i3 


l 3 


11 


9 


6 


4 


2 




107 


5 


3000 


8500 


2*833 


II 


11 


11 


11 


11 


10 


10 


9 


7 


5 


2 




98 


6 


3667 


9580 


2' 6l 3 
2-389 


6 

S 


7 

5 


1 
5 


8 

4 


8 

~4 


8 

4 


8 

5* 


6 
5 


5 

5 


4. 

4~ 


2 
2 


r 


_6 9 
49 


7 


4333 


10 35° 


8 


5000 


1 1 840 


2-368 


3 


2 


2 


2 


2 


1 


2 



j 


3 


3 


3 


1 


27 


9 


5^7 


8400 


1-482 


1 


1 


1 


1 


1 


1 




1 


2 


2 


2 


1 


H 


10 


6 333 


7610 


1*202 


1 


1 




1 




1 




1 


1 


1 


1 


1 


9 


11 


7000 


7930 


1*133 


1 




1 




1 




1 


1 


1 


1 


1 


7 


12 


7067 


8810 


1 -149 


1 




1 




1 




1 


'i 


1 


1 


1 


8 


l 3 


8333 


8980 


1078 




1 




1 




1 




'i 


1 


i 


1 


7__ 

•629 




26-790 ~ 
•629 = 


: fum of the tangents. 
fum of the differences. 


. 






26*161 = 


:fu 


m 


of 


the 


fit 


les, 
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Ring:. 


. For the fum of the fines below p in the S.W. quarter* 


. Radii. 


Sum ot 
Dtp, 


3-5-2 = 
Sum ot 
Tang. 


1 2 


3 < 


\ s 


6 


7 

._ 


8 | 9 10 


1 I 12 


Sum of 
Diff. 

- 


9 


S {)6; 


6-0 


•051 


1 .. 


10 


6 333 


1730 


273 




1 






L 




•001 


1 1 


7000 


3°3° 


433 


1 | 








h 






2 


12 


7667 


4470 


S83 


| 1 




1 1 ! 


I 




I 


13 1 8 333 1 .4660 


559 




1 


1 1 i 


I 






2 


14 | qooo | 3730 


414 




1 


1 1 


1 
h 




I 


2 


15 | 9667 | 2390 


247 






1 1 








I 


16 1 *°333 1 J 46o 


141 






1 1 h 






I 


17 | 1 1000 | 800 


^3 




Ml: 








18 J 1 1667 | 130 


1 1 




Mill 










2-785 = 

•OI I :- 


fum of the tangents, 
fum of the differences. 


•on 


2774 = 


fum of the fines. 


1 6. For the fum of the fines below p in the S.E. quarter. 


1 1 1 hi* 


3 1 4- 


5 | 6 | 7 | 8 | 9 |io|n|i'i| 


7 I 4333 1 80 | 018 | | 


1 


1 1 1 1 1 11 1 


8 | 5000 J 290 J 58 




i 


1 1 1 1 1 1 1 1 


9 | 5667 | 1810 | 319 




h 


Mill 


| | '001 


10 1 b 333 


3280 | 518 | 


'1 


1 hi II 1 


1 1 2 


» 1 


7000 


4640 | 663 | | 1 


1 


hi 1 1 1 1 hi 3 


12 | 


7667 


559° 1 729 1 1 1 J 1 


hi 1 1 1 1 


1 1 3 


13 


%333 


5830 | 700 | | | | 1 


1 | 


• 1 1 
hi 


1 1 


x l 3 


H 


9000 


5700 1 633 | | | | 1 




1 1 


1 1 3 


*5 


9667 


5240 | 542 | | | | | | | i 


'1 1 hi 


i| 3.1 


16 


io 333 


456o | 441 | | | | | | | 


hi 1 


i | 2 ; 


17 


1 1000 


3920 | 356 | | | | | | | | | 1 1 


1 | 2 j 


18 


1 1667 


3 l8 ° 1 2 73 1 1 1 


1 1 1 
1 1 1 


1 1 1 1 h 


| 1 j 


*9 


12333 


2630 | 213 | | | 


i 1 1 1 h 


1 l • 


20 


13000 | 2230 | 172 | | | | | | | ! | | 1 1 1 | 1 I 




5*635 = fum of the tangents. j '025 
•025 = fum of the differences. 


5*6 10 = fum of the lines. 



Having 
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Having now obtained the fums of the fines for the 

feveral quadrants, the next bufinefs is to collect them 

together, and dedu6l the negatives from the affirmatives. 

And this may be done either for each obfervatory fepa- 

rately, or for both together* I fhali do them feparately, 

in order thereby to difcover alfo the ratio of their effects. 

And, firft, for the Southern obfervatory o. 

Affirmatives. 

i..»4'79SN.W.| Alt 3..*'374S.W.| 

2. . 19*792 N.E. J 4 • sO'ns S.E. J 



7.. 24-806 S.W. 1 5... 13-534 N.VWi 

8.. 29-213 S.E. J P ' 6.. 12-356 N.E. J ^ p - 

98-606 = fum of affirm. 
28-639= fum of negat. 



3 

4 
5- 
6. 


Negatives. 
. . 2*374 S.W. 
. .0-375 S.E. 
. I3-534N.W. 
. 12*356 N.E. 




28*639 fum. 



69-967 = effective fum of the fines for o. 
Secondly, for the Northern obfervatory p. 

Affirmatives. Negatives. 

11.. 2 5.078 S.W. 1 9-°* OI 9N.W.| Alti 

12. . 20-261 S.E. J 10. . 0-090 N.E. J 

13- • ^5-637 N.W.i 15.. 2-774 S.W. 1 

14.. 26-161 N.E. J UCp - i6.. S -6ioS.E. ]-^ 



97*137 =fum of affirm. 8-493 

8-493 = fum of negat. 

88-644 = efFe&ive fum of the fines for p. 
69-967 = the fame for o* 



158-611= the fum of the fines for both obferv. 
Vol. LXVIII. 5D From 
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From thefe numbers it appears, that the effect of the 
attraction at the Northerly obfervatory is to that at the 
Southern one, nearly as 70 is to 89, or as 7 to 9 nearly. 
This difference is to be attributed chiefly to the effect of 
the hills on the South of the Southern obfervatory, which 
were confiderably greater and nearer to it than thofe on 
the back of the Northern obfervatory. For although the 
Southern obfervatory was placed 273 feet above the level 
of the Northern one, which removed it confiderably 
more above the center of gravity of the hill than the lat- 
ter was, it was at the fame time placed confiderably 
nearer than the other to the middle in a horizontal direc- 
tion ; fo that probably the one difference nearly balances 
the other; and accordingly we find that the fum of the 
affirmative altitudes for o is 44*587, and of thofe for p 
45*339? which differ by only a 45th part nearly. 

It only remains now to multiply the fum of the fines 
by the common breadth of the rings, and by the common 
difference of the fines of the angles made by the meri- 
dian and the feveral radii. It has already been obferved, 
that the former is 666|, and the latter y T ; therefore 
T V x 666f = ~z = ip is their produd: confequently, 
1 5 8-6i 1 x £? ^8811} nearly, is the fum of the two op- 
pofite attractions made by the hill, &c. at the two obfer- 
vatories. 

In 
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la order now to compare this attra&ion with that of 
the whole earth, this body may be confidered as a fphere, 
and the obfervatories as placed at its furface ; ilnce the very 
{mall differences of thefe fuppoiitions from the truth, are 
of no confequence at all in this comparifon. Now the at- 
traction of a fphere, on a body at its furface, is known to 
be = j c d, where d is = the diameter of the fphere, and c = 
3 • 1 4 1 6 = the circumference of the circle of which the dia- 
meter is 1 . But cd is- the circumference of the circle to 
the diameter^;- and therefore the attraction of a fphere will 
be expreffed by barely \ of its circumference; which is a 
theorem well adapted to the computation in hand. The 
length of a degree in the mean latitude of 45 , is 57028 
French toifes (fee p. 327. Phil. Tranf. 1768): and the 
fame refult nearly is obtained by taking a mean among 
all the meafures of degrees there put down, that mean 
being 57038 toifes. I fhall therefore ufe the round 
number 57030 as probably nearer the truth. This 
number being multiplied by 6, the product 342180 
fhews the number of French feet in one degree; but, 
by p* 326. of the fame volume, the lengths of the Paris 
and London feet are as 76*734 to 72, that is, as 4-263 
to 4; therefore, as 4: 4*263 :: 342180 : 364678 = the 
Englifh feet in one degree; and this being multiplied by 
360 the whole number of degrees, there refults 

5 D 2 131284080 
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131284080 feet for the whole circumference, which 
are equal to 248647 miles, making 69-3 to a degreee in 
the mean latitude; Laftly, \ of 131 284080 give 
87522720 for the meafure of the attraction of the 
whole earth. 

Confequently, the whole attraction of the earth is to 
the fum of the two contrary attractions of the hill, as the 
number 87522720 to 881 1£, that is, as 9933 to 1 very 
nearly, on fuppofition that the denfity of the matter in 
the hill is equal to the mean denfity of that in the whole 
earth. 

But the Aftronomer Royal found, by his obfervations, 
that the fum of the deviations of the plumb line, pro- 
duced by the two contrary attractions, was 1 1*6 feconds. 
From hence it is to be inferred, that the attraction of the 
earth is actually to the fum of the attractions of the hill, 
nearly as radius to the tangent of 1 1-6 feconds, that is, 
as 1 to '000056239, or as 17781 to 1; or as- 17 804 to 1 
nearly, after allowing for the centrifugal force arifing 
from the rotation of the earth about its axis. 

Having now obtained the two refults, namely; that 
which arifes from the aCtual obfervations, and that be- 
longing to the computation on the fuppofition of an 
equal denfity in the two bodies, the two proportions com- 
pared muft give the ratio of their denfities, which is 
6 that 
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that of 1 7 804 to 9933, or 1434 to 800 nearly, or almoft 
as 9 to 5. And fo much does the mean denfity of the 
earth exceed that of the hill. 

Thus then we have at length obtained the object 
which we have been in queft: of through the very labo- 
rious calculations that have been defcribed in this paper, 
and in the furvey and meafurements from which thefe 
computations were made ; namely, the ratio of the mean 
denfity of all the matter in the earth, in comparifon with 
the denfity of the matter of which the hill is compofed. 
And that ratio we have found to be equal to the ratio of 
9 to 5. And, for the reafons before mentioned, I think 
we may reft fatisfied, that this proportion is obtained to a 
confiderable degree of proximity, probably to within the 
fiftieth part, if not the hundredth part of its true mag- 
nitude. Another queftion, however, ftill arifes, namely, 
what is the denfity of the matter in the hill? Is its mean 
denfity equal to that of water, of fand, of clay, of chalk, 
of ftone, or of fome of the metals ? For, according to 
the matter, or different forts of matter, of which it is 
formed, and according as it is conftituted with or with- 
out large vacuities, its mean denfity may be greater or 
lefs, and that in a degree which is not certainly known. 
A confiderable degree of accuracy in this point could 
only be obtained by a clofe examination of the internal 

ftru&ure 
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ftru&ure of the hill. And the eafieft method of doing 
this would be to procure holes to be bored, in feverai 
parts of it, from the furface to a fufficient depth, after 
the manner that is pradticed in boring holes to the coal 
mines from the furface of the ground; for by fuch ope- 
ration it is known what kind of ftrata the borer is paffed 
through, together with their dimenlions and deniities. 
The proper mean among all thefe would be the mean 
denfity of the hill, as compared to water or to any other 
fimple matter; and thence we fhould obtain the compa- 
rative denfity of the whole earth with refpecl to water: 
but in the prefent inftance, we mull: be fatisfied with the 
eftimate arifing from the report of the external view of 
the hill ; which is, that to all appearance it confifts of an 
intire mafs of folid rock. It is probable, therefore, that 
we fliall not greatly err, if we affume the denfity of the 
hill equal to that of common ftone; which is not much 
different from the mean denfity of the whole matter near 
the furface of the earth, to fuch depths as have actually 
been explored either by digging or boring. Now the 
denfity of common ftone is to that of rain water as i\ to 
1 ; which being compounded with the proportion of 9 
to 5 above found, there refults the ratio of 4- to 1 for 
the ratio of the denfities of the earth and rain water; 

that 
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that is to fay, the mean denfity of the whole earth is 
about 4~ times the denfity of water. 

To what ufeful purpofes the knowledge of the mean 
denfity of the earth, as above found, may be applied, it 
is not my bufinefs here to fhew. I fhall therefore put an 
end to this paper with a reflection or two on the premiies 
before delivered. Sir Isaac newton thought it proba- 
ble, that the mean denfity of the earth might be five or 
fix times as great as the denfity of water; and we have 
now found, by experiment, that it is very little "lefs than 
what he had thought it to be : fo much juftnefs was even 
in the furmifes of this wonderful man! Since then the 
mean denfity of the whole earth is about double that of 
the general matter near the furface, and within our 
reach, it follows, that there muft be fomewhere within 
the earth, towards the more central parts, great quantities 
of metals, or fuch like denfe matter, to counterbalance 
the lighter materials, and produce fuch a confiderable 
mean denfity. If we fuppofe, for inftance, the denfity of 
metal to be 10, which is about a mean among the vari- 
ous kinds of it, the denfity of water being 1, it would 
require fixteen parts out of twenty-feven, or a little more 
than one-half of the matter in the whole earth, to be 
metal of this denfity, in order to compofe a mafs of fuch 
mean denfity as we have found the earth to poffefs by 
I our 
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our experiment: or T 4 T , or between } and 1 of the whole 

magnitude will be metal; and confequently ~, or nearly 

j of the diameter of the earth, is the central or metalline 

part. 

Knowing then the mean denfity of the earth in com- 
parifon with water, and the denfities of all the planets 
relatively to the earth, we can now affign the propor- 
tions of the denfities of all of them as compared to wa- 
ter, after the manner of a common table of fpecific gra- 
vities. And the numbers expreffing their relative den- 
lities, in refpe£t of water, will be as below, fuppofing the 
denfities of the planets, as compared to each other, to be 
as laid down in Mr. de la lande's aftronomy. 



Water . . 


. 1 




The Sun . 


• i£ 




Mercury . 


• 9i 




Venus . . 


• 54| 




The earth . 


• 4t 




Mars . . . 


• 3| 




The Moon . 


• 3^r 




Jupiter . . 


• i£ 




Saturn . . 


13 




Thus then we have brought to a conclufion the com- 


putation of this important experiment, and, 


it is hoped, 


with no inconfiderable degree 


: of accuracy. 


But it is the 
firft 
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firft experiment of the kind which has been lb minutely 
and circumftantially treated; and firft attempts are fel- 
dom fo perfect and juft as fucceeding endeavours after- 
wards render them* And, befides, a frequent repetition 
of the fame experiment, and a coincidence of refults, 
afford that firm depen dance on the conclufions and fatif- 
fa&ion to the mind, which can fcarcely ever be had from 
a fingle trial, however carefully it may be executed. For 
thofe reafons it is to be wifhed, that the world may not 
reft fatisfied barely with what has been done in this in- 
ftance, but that they will repeat the experiment in other 
fituations, and in other countries, with all the care and 
precifion that it may be poffible to give to it, till an uni- 
formity of conclufions fhall be found, fufficient to efta- 
blifh the point in queftion beyond any reafonable pofli- 
bility of doubt. What has been already done in the pre- 
fent cafe will render any future repetition more eafy and 
perfeft. But improvements may be made, perhaps both 
in the mode of computation and in the furvey; in the 
latter, efpecially, there certainly may. Some improve- 
ments of this kind I have hinted at in fome parts of this 
paper, which with others I fhall here collect together, 
that they may readily be feen in one point of view. They 
are principally thefe. Procure one bafe, or more if con- 
venient, very accurately meafured, in fuch fituation, that 
Vol- LXVIIL $ E as 
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as many more points as poflible in the furvey may be 
feen from it. Affume as many principal or eminent 
points and objects as may be proper and convenient ; and 
from each one of them meafure the angles formed by 
all the reft that can be feen, both horizontal and vertical 
angles, and repeat thefe obfervations, if convenient, with 
the inftrument varied or reverfed, taking the means 
among the feveral quantities of each angle. Take then 
as many fedtions of the ground, and as far extended in 
all diredtions, as the time and circumftances will poffibly 
admit. Of the fedtions, thofe that are horizontal or level 
are the beft, as they require no calculation; procure 
therefore as many as poflible of them. In vertical fec- 
tions obferve the vertical angles, not in the plane of the 
fedtion, but at fome other point of which the bearing is 
alio taken from the beginning of the fedtion line, and 
where the horizontal angles of the poles are taken, for 
the reafons before mentioned in p. 723. And it will be a 
Hill farther convenience if the fedtion be made in fuch 
diredtion as to form a right angle with the line drawn to 
the point or ftation from whence the vertical angles of 
the poles are obferved, as may be feen from what is faid 
in p. 7 2 1 . It might, perhaps, be proper to make fome 
experiments on a valley inftead of a hill r taking two ob- 
fervatories at the two oppofite fides of it, both for the 

greater 
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greater variety in this interefting problem, and becaufe 
alfo the furvey would be more eafily made, on. account 
of the ground being more in view at each ftation than in 
the cafe of a hill, which generally hides more than half 
the compafs from the obferver. In computing the rela- 
tive altitudes of all the principal ftations, let the opera- 
tions be performed mutually both backwards and for- 
wards, that is, from both of every two objects, having 
for that purpofe obferved at each of them the vertical 
angle of the other, namely, both the angle of elevation 
and the angle of depreffion, and take the mean between 
the two computed differences of altitude; for this ex- 
cludes the neceflity of making the proper allowances for 
refradtion, and for the curvature of the earth ; llnce the 
effect of each of thefe is balanced and corrected by that 
of the counter obfervation. But as to thofe points in 
the fedtions which are far diftant {torn the obferver, 
and where great accuracy is required, it may be proper 
to make the allowance for refeauStioh and curvature, as 
there is generally no back obffervation by which their 
effedts may be balanced. Thefe are the chief hints 
which at prefent occur to me, befides the general infor- 
mation to be derived by the computer from the perufal 
of the modes of computation that have been defcribed in 
this paper. As to the furveyor, he will ftrike out other 

5E 2 convenient 
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convenient ways of meafurement adapted to the dfc&txi?- 
fiances with which the nature of the furvey may hap* 
pen to be attended. 

A map of the country about Schehallien is hereunto 
annexed, to convey a general idea of the nature of the 
ground, and for the better illuftr^tion of the defcription 
given in the former parts of this paper. This map is tab* 

XI. 

Woolwidi, 
April 27, 1778. 
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